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THEORY OF STRESS IN A GRANULAR MASS. 

By T. C COVKENDALU 

In this Thesis it is proposed to discuss the followini^ subjects : 

1°. To find the ratio of the conjugate stresses in a granular 
mass when the mass is in equilibrium. 

2**. To transform the expression for the ratio of conjugate 
stresses, so that logaritlims may be conveniently applied. 

5°. To find the ratio of the thicknos of a retaining wall, to 
the height of the same when the slope, an^le of repose, weight 
per cubic foot of earth sustained, and weight per cubic foot of the 
material of the wall are ^iven. 

4°. To give and demonstrate tlie truth of a graphical method 
by which the thickness of a retaining wall may be found when 
the height, slope, angle of repose, weight per cubic foot of earth 
sustained, and weight per cubic foot of the material of the wall 
are given. 

In the discussions which follow, the notation here given will be 
used ! 

= The slope of the surface of the granular mass. 

9 = The angle of repose of the material of the granular mass. 

As an introduction to the discussion of the principles which 
rollow, a general discussion of stress in a granular mass will be 
given. 

If we conceive a granular mass to be divided by any plane, 
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the stresses which occur between the two portions into which 
the plane divides the mass are the forces which tend to destroy 
the equilibrium of the mass. It is a well-known principle of 
mechanics that if two surfaces are in contact, no movement of 
one, with reference to the other, can take place, unless the 
resultant of all applied forces to one of the two surfaces makes, 
with the normal to that surface, an angle greater than the angle 
of friction between the two surfaces. In a granular mass the 
surfaces alon^ ,tny plane of division may be considered as plane 
surfaces in contact. Therefore we have as the condition of 
stability of a granular mass the followini^ principle. In the state- 
ment of this principle and hereafter in this discussion, tlie ant^le 
between the normal to any surface and the resultant of all applied 
forces to that surface, will be referred to as the obliquity, 

A granular mass is in equilibrium when the maximum obli(juity 
of stress upon any plane of division of that mass is equal to or 
less than the angle of repose of the material of that granular mass. 

When a granular mass is acted upon by a system of parallel 
forces, as the attraction of the earth for each of the particles of 
the mass, two additional systems of stress are developed. It 
has been shown by Ranktne that if a granular mass be acted 
upon by a system of vertical forces, a system of forces is 
developed parallel to the surface of the m^s. It is therefore 
evident, from the laws of force, that an additional system of forces 
must be developed perpendicular to the surface of the mass. 

The following theorem has also been demonstrated,by Rankine:* 

" If the stress on a given plane in a body be in a given direction* 
the stress on any parallel plane to the direction of stress on the 
first plane will be parallel to the first plane." In the demonstra- 
tion of the principles of conjugate stresses which follows, it has 
been found unnecessary to refer the stresses to the axes of prin- 
cipal stress for the purposes of the demonstration, and a much 
simpler, and at the same time an absolutely rigorous method of 
demonstration has been used. In that which follows - the only 
stresses considered are those which tend to destroy the equilibrium 
of the granular mass. 

The method of procedure is as follows : 

1**. The general equation for the obliquity of stress on any 
plane is obtained. 

* Art. lot, ^//. M«k,^ 
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2^. The relation which must exist between the variables of this 
equation, when the obliquity is maximum, is found. 

3''. This expression for maximum obliquity is placed = f . In 
accordance with the preceding principles, it is proposed to 
demonstrate the following theorem : 

THEOREM. 

The ratio of the conjugate stresses in a granular mass is 
equal to 



Let// represent the ratio of the conjugate stresses: then as 
the absoluic values of tlie stresses do not enter into the discussion, 
we may consider that the vertical stress is represented by n 
while the inclined stress is represented by unity. Let A B 
r i [ ( sent any plane. Let the distance = I .". The stress 
upon B O = i» 




Let the stress upon A O^m A 0 
Let J' = the angle between the resultant of 
these stresses and the line 0 C. 




Let X — the angle which the normal to 

the plane A B makes with the line 0 C* 

Then from trigonometrical principles we 
have 



cos y 



t 



— cos — ^) 



m 



— cos 9 



. • . tan y — 



Similarly, 



cos X 



cos^ 



$in(jp— ^) 



Mr T- sin 9 



. • . tan jr — 



n tn sin B 



m cos 9 
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Obliquity = O == (x ^y) 

» -|- w sin ^ cos S 

m cos ^9 : •^'\\\ H 

tan = 

cos S (« -f ;« sin ^) 

t 

m cos ^ (m + sin (f) 

sin 6^ /« ^« + i) + « sin 6^ 
cos ^ — n cos ^ 

It is required to find the relation which must exist between ;// 
and the other quantities of the left member in order that tan 0 
shall be a maximum. 

In accordance with the usual rules for maxima and minima 
values we proceed as follows : 

dm \nfimB—nmB? 

.*.(«€«• Q—n m 0) (2 fft i «'f I)— [m'lia ^ \ m i) r«M^] ^ « mS — ^ 

Performing the indicated operations and reducing, wc have, 
««•(«+ I) + 4 m sin 9 S3 — (ff + i) 

4 m » sin 6^ 
. Mm* + Bs 

H + I 

Solving for m we have, 

— 2 » sin 0 i/ — « (i 4- «)• + 4 w"^ (i — cos«^) 

But in this expression we have used the reaction due to the 
inclined force and not that force itself and since the reaction is in 
the opposite direction, it is negative. 

.*. We must substitute for //, — n, if we represent the ratio of 
the vertical force to the inclined furce. 

2 » sin ^ ±l/ n («+ 1)* — 4 n' cos* S 

I — n 
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Also* 

^ ^ sin ^ + m (i ^ «) — If sin B 
tan C7 s ^ i 



»i« cos ^ + « cos ^ 

Substituting the preceding value for m in the expression for 
tan o we have 



1 in i i V - 4 «cos« ^ 



2 COS^ « 

Let = the maximum obliquity. 



. . tan ^ = _ 



2 cos ^ v'' 

Squaring and adding one to both sides we have 
4 n cos* 9 = cos' 9 (n -\- i)» 

//* + 2 ^? rcos' c — 2 cos* ^) 



COS* 9 

Solving for n 



— cos' SP + 2 COS* ^ db 2 COS B \/ cos" ^ — COS' 

cos' fp 



COS* ^4-2 cos* # ^ 2 COS B V cos* ^ COS* 9 

cos* <y — (cos' <y — cos' f>) 
COS ^ + ^ cos' ^ — cos' fp 



COS ^ — |/ COS* ^ — COS* 9 

Q. E. D. 
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THEOREM. 



The intensity of the resultant of all forces applied to a vertical 
plane of a granular mass per unit of area of that plane, when the 
slope is negative and the mass is in equilibrium, is expressed by 
the formula : 



cos S — V cos* S — cos 



cos^ + i/cos*6y — cosV 



( I 4- sin V' V 
( 1 — sin f 3 



When the slope is negative it is evident that there is a com- 
ponent of the stress which acts in a direction perpendicular to the 
direction of the slope. Then the stress on any vertical plane is 
the resultant of this component and of the component which acts 
parallel to the slope of the mass. 

Let =5 intensity of component parallel to slope, in direction 
of any plane perpendicular to this stress, per unit of area of that 

plane. Let P, = intensity of perpen- 
dicular component per unit of area of a 
plane perpendicular to the direction of 
the stress. Let Px = the intensity of the 
component parallel to the slope, per unit 
of area of the plane to which it is con- 
jugate. Let P^the intensity of the 
vertical component, per unit of area of the plane to which it is 
conjugate. 

Then the stress upon any vertical plane will be the resultant 
of these two stresses upon that plane. The stresses /'.and P% may 
be considered conjugate. 

. p p 




I + sin ^ 
I — sin 



But/: 



p { cos S —\ 
cos 1 



cos' ^ — cos* ^ 



• P 



COS B V cos* a — cos* ^ 




{ 



1 cos'W- 



cos 0 4- locos' 



>W-cosVl 



The intensity of /» per unit of area of a vertical plane = -P, 
sin 6» 

JC= V /;* + /i* sin* b 
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cos 6 -j- y cos* 8 — cos' f 



cos ^ — l/ cos* B — cos* f 




Let < ^ the angle which this resultant makes with the slope. 



2^. It is required to transform the preceding expressions so 
that logarithms may be conveniently applied. 



= 2 /cos >^ (f -f COS ^{^—8) sjn >3 + 8) sin yi{^—8) 
2 l/sin K + ^ cos >^ (,» + #) sin (f — ^) cos 

= 2 i/Ti^fT+fi'Tsin 6>) 

Let 2|/ sinly + 6») sin — t*) = cos TV 

I cos B — cos N 
n cos ^ cos N 



cos >^ (A^ +6^) cos >^ (.V— 6) 
= XAH% {N + t^) tan >^ (A^— ^) 

. log (V.) = log tan }i {N+ B) + log tan >< (A'— ^) 
To this formula logarithms may be conveniently applied. 
We have now to transform the expression, 



. " . tan /T = 





cos ^ + l/ COS* B — cos* f 



\/ COS» B cos* 4p = l/(C0S ^ + cos X (COS'^ — cos If) 



sin % {N -4- '9) sin % (AT— B) 




I + tan* B 




so that logarithms may be conveniently applied. 
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When ^ s let A^o = ^ resulting value of m. 

I + sin f» 

« = : =, tan >^ -AT^ 

I — sin ^ 

denoting the value of N when 0 =s ^. 
, • . i2 = i^ tan >4 (A^+ Un >i {-A^— l/i + tan*6>Un« >i A^o 
Let tan 0 tan iV^ tan if. 

J? = Ptan yiiN-^r €()XATi%{N^&)^M 

. • . Log 22= log P^^ log tan %[N-^ ^ + logten % (AT— «)+log sccilf 

To this expression logantiims may be conveniently applied. 
3®. to find the ratio of the thickness of a retaining wall to the 
height of the same. 

Let P — total pressure applied at back of wall. 

WJr cos H 
2n 

The moment of this pressure with respect to the outer edge of 
the middle third of the base will now be found. In that which 
follows : 

W = weight per cubic foot of earth sustained. 

IV = weight per cubic foot 
of wall. 
h 8 height of wall. 
X = thickness of wall. 

h 

tan 9 

B P^ — 

3 un ^ 
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A The moment of /»with respect to the middle third of the 
se is 

« ^ ^ ^ { h 1 cos (9 sin ^ 
= BMxF=^ ——J 2x} 

= j A cos' 0 — 2 jr cos ^ sin 0 > 
6n \ j 

Moment of weight of wall, which acts through the center of 
gravity, with respect to the outer edge of middle third 

• W Jt* h 
6 

If the wall is sUbie these two moaients must be equal 

lVjt*k ' Wf^ f ^ ^ . ^1 

, -5 < k cos* 9 — 2 cos 9 sm ^ > 

6 611 \ \ 



—STT { COS* ^ — 2 - sin ^ COS 6^ > 

!» W n\ h j 



+ 2- sin dcos = cos" © 



Solving for ^ we have 

which is the required formula for the ratio of the heij^ht to the 
thickness. 

4°. To give and demonstrate the truth of a giaphical method 
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by which the thickness of a retaining wall may be found when 
the hcM^'ht. slope, angle of repose, weight per cubic foot of earth 
sustained, nnd weight per cubic foot of niaterinl of wall are given. 

In that which follows the ^naphical method will first be given, 
and then the demonstration of the truth of this method. The 
notation will be the same as has been previously used. 




From any [joint of the line / O as a centre, dcscrih*- n semi- 
circle passing through 0. Let L be the point in wliicii this circle 
intersects C/ A. From the point in which this semi-circle inter- 
sects (7 /, as a center, let a semi-circle, A L B,b^ d^cribed pass- 
ing through L. 

Then will this semi^circle be tangent to 0 L, 

O A \ 

^^^^^ 

0 B ^ n 
From 0 draw O K \_ to O B and lay oflf 

O H ^ 

or'' w 

From A draw A K^XaTH. 

Lay off ( ) P = O K. 

On P B describe a semi-circle P S B. 

Prolong K 0 until it intersects the semi-circle in 5. 

Draw K M \ to O /. It will intersect 0 / in some point as M» 

* HanJkitWs Gtnl Eug,^ Art, iSj* 
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Take 0 N = 0 M. 

Draw 5 N. 

Take FN= S N. 

Draw FJ \_ to I then it will intersect //in some point as / 

'l9kc0£=0J. 

Draw S E^nd S R, 

According to any scale lay off the heijrht of the wall 0 C 
Draw C/^ parallel to B S then will it intersect O S \n some point 
as R. Draw R D parallel to 5 then it will intersect li B in 
some point as D. Then is O D the thickness of the required 
wall according to the scale which was used in laying off 0 C, 

For according to the construction 

Off OK OK W* OP W* 

0T~' OA ' * OB ^ Wn ' ' O B ^ IV n 

O S _ ^ IV^ 



* . According to the construction 



OB ^ 

Also since / ^ ^ = 6^ and AT if is J_ to / 1> we have 

OM W ON W 

sin 6 . • . = sin 8 



OB IVn OB iVn 

SN ON* SN VW* 



OB OB 



SN yw* 

OB ^ Wn IVue 

OF ( VW W ) 

• * • —777 — i si + sin«^ sin 6 > 

OB {^U^M W'te Wh j 

= co8^ < %J + sin*^ sin^ > 

\ J + sin» e_ sin B \ 



OJ 
OB 



OE . 

. .-sas cos 9 



OB 

But it has already been shown that the right member of this 
equation ^ 
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X O E 



OB 



If then we lay off C = height according to any scale, let 
7 5= thickness. 



Then 



DO 



X 

T 



V. 



X 

T 













,\ D 0 = thickness of the 






\n 


T 




required wall. (Q. E. D.) 




0 








When ^ = f the construction 




H 








is as given in Fig. V. 0 F=^T, 



nr.. VI. 

When S — 0 the con- 
struction Is given in Fig. 
VI. In each of these 
cases the principles are 
tlie same as in the con- 
structionofFig.lv. OD 

= r. 

The method of construction and demonstration is therefore 
evident from the method used in Fig. IV. 

In order that the saving of labor by means of this method 
may be readily seen, the complete formula for the thickness is 
here given. 



/ ^ 








\ \ 
\ \ 

\\ <^ 

M 1 






/a 




» 1 


d 






C 


B 













J 



Should it be desired that the resultant should pass throu^Th any 
point other than the outer edge of the middle third, a funnulii 
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may be deduced in a similar manner to tlic formula of the third 
discussion of this thesis, and a graphical construction may be 
made which is entirely analogous to that of the present 
discussion. 



OUTBURSTS OF GAS IN METALLIFEROUS MINES.* 

BY BENNETT H. BROUGH. A.R.S.M., F.G.S., F.I.C. 

The recently published volume of the Reports of the Inspec- 
tors of Mines to Her Majesty's Secretary of State* contains an 
account of a lamentable accident, caused by a fire-damp explosion 
at the Mill Close lead mine, at Darley, in Derbyshire, on Novem- 
ber 3, 1887. This mine, which is the largest and most productive 
in Derbyshire, is one of the oldest in the district, the records of 
the quantity of ore raised going back as far as the year 1684. 
The vein is frequently many yards in width, and traverses hard 
limestone overlain by shale. Ore is also found extending into 
many of the beds of shale. Fire-damp has occasionally been 
found in this mine, but only in small quantities. In 1886, how- 
ever, two explosions occurred, by which two men were burned. 
Since that date, the quantity of gas emitted from the shale largely 
increased, and led to the use of locked safety-Iamps. The account 
of the recent explosion given by Mr. Stoke5,t Her Majesty's In- 
spector of Mines, is substantially as follows ; On the morning of 
the accident, six miners went to work at a part of the mine called 
the forefield. They descended at midnight on November 2d. 
Upon their arrival at their working-place, the men tested for and 
found gas in and about the ends of the forefield. They thought, 
however, that the use of safety-lamps protected them from all danger. 

• Royal Schcr>l of Mines, 
South Kensington, S.W., April 17, 1890. 

A. J. Moses, Esg., Manager of the "ScnnoT of Mines Quartfri.y," 

D<ar Sir: In reference to your favor of the 4lh in&t , 1 feel much flattered by your 
proposal to print portions of my paper on **Gt> Outburst ** In your journal, and iru»t 
ihsi your doing so will Jead to further cues in American mines hting recorded. 

Yours failhfaU^, 

Bknnktt H. Hroi-<;h. 
f Rt^prts of tkt Jnsp<€tors 0/ Mints, for ibe year 1887, p. 377. London, 1888. 



Digitized by Google 



14 



THE QUARTERLY. 



A shot was fired during the early part of the shift, and at 3 a m. 
three shot- holes were bored, within three or four feet of where the 
gas was known to have accumulated. These holes were charged 
with dynamite, and ignited by touch-paper, and a fuse carried 
down from the upper to the lower workings. After lighting the 
fuse, the men retii'ed to what they thought was a place of safety 
about fifty yards away in the lower level or wagon •way. At this 
point they were joined by the two wagoners, and all awaited the 
firing of the shots. Suddenly an explosion occurred, and imme- 
diately five of the six men were buried and killed by a large fall 
of timber and stone. I he sixth man escaped with burns and 
serious bruises. This man stattrd at the iiujuest that the expioMon 
took place immediately after he heard tlie first shot off, and 
from his t vidence there can be litiie doubt that the first dynamite- 
shot fired the [^as. 

The Yoredale shale, whenever it occurs in beds of twenty-five 
to thirty-five fathoms m thickness, always gives off a little gas. 
Probably this gas had collected in the fissured limestone, and be- 
coming ignited by the shot, forced down the rock masses upon the 
unfortunate miners. 

This illustration of the disastrous effects of a fire-damp explo- 
sion in a metalliferous mine clearly proves that fire>damp, unfortu- 
nately, is not confined to collieries. In a number of cases it has 
been met with in mines of lignite, salt; diamonds, and metalliferous 
minerals. It has, therefore, been thought that it would be of in- 
terest to collect the records of cases in which outbursts of gas have 
been observed in metalliferous mines, with a view to arriving at an 

explanation of the phenomena. 

• * * 

Similarly, the fire-damp explosions that have occurred in salt 

mines are due to the presence of hydrocarbons produced by the 
deconi{)osition of ve<;etabie substances. TIk ^lay or blue color, 
so frequently met witii in rock salt, is due to the ])resence of bitu- 
men. * ♦ ♦ * Accordini; to J. N. Bremer,* combustible gas was 
evolved in large cjuantitics from a fissure in the marl in tlie rock- 
salt at the S/.lat ma mine, Marmaros countN-, llun^ary.and was used 
for liglitin;^ the workings. At Gottesgabc, near Rheine, in West- 
phalia, the gas evolved was used in iS26for lighting the workings, 

* ^ogg<ndor£f^s AnnaUn der Phyiik und CAtmU, vol, vi>.^ 1826, p. I3I. 
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and even conducted through wooden pipes to the manager's house, 
and there used for lighting and for cooking purposes. Similar 
outbursts of gas were utilized at Zugo, near Klein Saros, in Tran- 
sylvania ;* and at the Bex salt-mines in the canton of Vaud. Switz- 
erland, lire-damp has, according to Brunet.f been used for lighting 
the workings, being received from the fissures in sheet-iron pipes. 
The gas, probably, comes from the inclosing limestones, which are 
possibly bituminous. It is a curious fact that the first fire-damp 
explosion recorcfed, is shown, by Professor F. Posepny,| to have 
occurred at a salt-mine at Hallstadt, in Austria, on September 9, 
1664, twenty years before what is generally .supposed to be the 
first historical evidence of the presence of fire-damp, given by 

Robert Plot,| in 1684. 

♦ « • 

In iron-mines.several explosions offire-daniji have been recorded. 
A. D.iubrc c I met with fire-damp in the mines of pisolitic iron-ore 
at Gundcr^liorkn and VVinckel in Alsace. At Gundershofifen. the 
pi.solitic iron-ore, which was worked up to 1825, occurs dissemi- 
nated through a yellow clay overlying marls of Upper Liassic age. 
Tile ore-bed i.s covered by a grayish-blue clay, some tuenty yards 
in thickness. In tin- bed, siuivicrous nodules of gypsutn arc met 
with, and the clay immediately alxne the deposit is impregnated 
with grains of iron pyrites. In the bed, which was worked in 
i8uS at a depth of thirt\ -three yards, insifrnificant gas explosions 
were of frequent occurrence. In 1824, however.a serious explosion 
occurred, by which a number of miners were seriously injured. 
The VVinckel bed is deposited in a liollow in \\hite limestone of 
Upper Jurassic age. The pisolitic iron-ore is disseminated through 
a gray clay, and the whole is overlain by a limestone con<;lomer- 
ate. In 1832, an explosion occurred when some workings, that 
had been suspended for a time, were entered. Wooden planks 
were ejected from the shaft and thro a 11 to a distance of ten yards 
from the mouth, and the only workman in the mine at the time 
was badly burned. An explosion of a less serious character oc- 



♦ Cifh' fs .innal^n ,A; Phynk, vol. xxxvii., iSlI.p. I. 

f C^mptes Hendta Mt nsuel$ dt U Socielf de V Industrie Mintrale, 1 882, p. 1 29. 
\ Oesterreichistht Ztihchriftfur Berg- und Jluttcwean, vol xxxiii., 1885, p. 606. 
\ Natural Hutory of Staffordskirt, 
g Amnata da Miua, 4th Scries, vol. xiv , 1848, p. 33. 
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CUrred on June 27, 1846. At the top of a level, a great influx of 
water was observed, and in raising his light to see wlience it pro- 
ceeded, the captain ignited the gas, and was thrown violently to the 
ground and slightly burned. 

« * « 

In mines working true-fissure veins, numerous explosions have 
been recorded. In March, 1845. an explosion occurred in old 
workings that had not been entered for some years, at the now 
abandoned copper-mine of Grand* Saint>Jean, near Giromagny, in 
Alsace. Gas has been noticed on several occasions at Pontpean, 
in Brittany, where it is still occasionally met with.* The vein 
consists of argentiferous galena and blende, and traverses, in a 
north and south direction, the ancient c]ay<-slate. As there is a 
dislocation that has brought a portion of the deposit to the level 
of the Tertiary strata, it is possible that the gas outbursts are due 
to the influence of lignite deposits, which may exist in these beds. 

Charlonf reports the occurrence of inflammable gas in the cop- 
per pyrites deposit of Rocca Federighi, in Tuscany. In 1875, a 
timbered level, that had been abandoned for two or three years, was 
encountered by a cross-cut. On holing, large quantities of water 
were ejected, and, iinniediately afterwards, an evjilosion occurred 
by which three workmen w ere seriously hurnc i. Again, in 1877, 
at the same mine, an explosion occurretl ow o|)ening an old adit 
level that had been abandoned for fifteen years, in this case a 
thin parting of rock separated the old level from that in which the 
men were working, and water, having an unpleasant odor, perco- 
lated through. A piece of the roof fell, and the captain, raising 
his lamp to see what was the extent of the disaster, exploded the 
gas, the three men in the level being seriously burned. From this 
description it appears that, under certain conditions, the decompo- 
sition of wood in water or in moist air may give rise to the forma* 
tion of inflammable gas in exactly the same way as marsh-gas is 
produced in stagnant pools. The explosions that have occurred 
in some of the Saxon mines, when old workings were entered, 
may be explained in this way. The archives of the Royal Saxon 

* Rapport de M. H*t9n 4t la G«$tpiiliire am mm de la Commissim ttEtmdi da 

Afoyem Propres a Prri>enir Igs Explosions du Orisou^ Plaris, iSSo^ p. 39. 
f Comples Rendm MemutU dt la SadHi de Pindiutrii Minirale^ 1879^ p. 6. 
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Mining Bureau, quoted by Tittel,'^ record several explosions of 

this kind. 

At the St. Johannes Mine, at Rehhiibel, in the Schwarzenberg 
district, a cross-cut was driven from the Urbnniis ndit level, at a 
distance of 760 feet from the mouth of the adit. On March 1 1 . 
1872, two miners were \vorkinf]i at the end of this cross-cut, and at 
noon a quantity of water bur-i through. At 3.45 p.m. an explosion 
of gas occurred. One of the miners, though badly burned about 
the head, face and hands, found his way in the dark out of the adit 
and escaped. The dead body of the other miner was found at a 
distance of 643 feet from the mouth of the adit. It was subse- 
quently found that the water from an old shaft accompanied by 
marsh-c;as, which had in all j)robability been formed from the de- 
cayini; timbers, had burst through an aperture and become ignited 
by the miners' lamps. 

At the Churj^rinz h^riedrich August mine, at Gmss-schirma, in 
1 859, a brick dam was put in to keep out the surface-water. Tn 
1K83 the system of draina«:^c was changed, and the dam was bored 
tlirou^^di in order to insert an iron j)i|)e provided with a cock fur 
lettini^ off the water as required. While the boring was in progress, 
water anti gas burst thr<>M;jh, and an exf)losion followed by which 
tht: miners engaged were senou.^b' injured. Similarly, at the Alte 
Hoffnung mine at Schonborn, a dam built in 1 867 was opened m 
1870, in order to ascertain whether there wa'^ as much water as 
formerly. The gas, issuing with the water, ignited, and the l1ame 
extended for twenty feet and burned for several seconds. Behind 
the dam, the level had been timbered for some thirty \ ards. 

The presence ol tire-damp in metalliferous mines cannot always • 
be traced to the decomposition of timber under water. There was 
very little timber in the W'inckel levels, and none at all in the 
Giromr.gn}' mine. In many mines, too, containing an enormous 
quantity of timber partially submerged, no trace of gas has been 
observed. This was the case at the Alter Deutscher Wilder Mann 
mine, near Grun 1, in the Upper Harz. This mine was under 
water for 200 years, and was visited by the writer in 1S82. imme- 
diately after the water had been pumped out 

Another explanation must be sought for the presence of fire- 
damp in the Monte Catini mine in Tuscany, whei% in 1845 many 

* Btrg. und HultenindnmsLhe Zeitun^, l88a, p. 226. 
VOL. XU.— 2 



Digilizcu by Google 



i8 



THE QUARTERLY. 



miners lost their lives by an explosion, and in the celebrated Van 
mine near Llanidloes. The latter mine is the most productive 
lead-mine in the United Kingdom. The vein occurs in rocks of 
Lower Silurian age. The occurrence of gas at this time has been 
noted by Dr. C. Le Neve Foster.* Fire>damp was found at the adit, 
and in nearly every level below while tapping or making the first 
drivages on the lode. The gas rushes out with the water, making 
a great noise, and always appearing to come from below. The 
miners regard it as a sure harbinger of lead-ore. The quantity 
has sometimes been sufficient to cause slight explosions, by which 
miners have had their hair and beards singed. It is not improbable 
that sulphuretted hydrogen has also been emitted. 

T. Maclai lane i dc.scril)cs the occurrence of fire-damp in the 
Silver Islet mine, situated on a sniail rocky island in Lake Superior. 
On December 28, 1875, while a party of miners were engaged in 
drillin;^^ a liule in the end of the drift at the 8th level, the drill sud- 
denly broke into a crevice, from which water at once commenced 
to flow, but not in great cjuantity, and not being aware that it was 
accompanied by an emission of gas, one of the miners took a candle 
to look at the hole. The gas instantly took Bre, sending out a 
flame of more than 40 feet in length. The hole was subsequently 
stopped with a wooden plug, and when a lighted candle was applied 
to the imperfectly i)lugged hole, the gas again ignited, giving a jet 
of flame about a foot in lengthy which continued to bum for several 
weeks. 

In these cases, it appears probable that the gas has been derived 
from beds beneath the ore-vein, from which it has ascended through 
Assures into the workings. 

Sulphuretted hydrogen has, in many places, been disengaged in 
sufficient quantity to become ignited. This occurred during the 
sinking of a well at Gajarine, near Conegliano, in Lombardy, and 
is described by L. E. F. Hericart de Thury.J; The explosions 
described above cannot, however, be attributed to this cause, for 
if sufficient sulphurelted hydroi^^en had been present, it would at 
once have been detected b\ ii . eliaracteristic odor, and by the odor 
of the sulphurous acid formed on its combustion. 

* TransafHtuts of the Royai Geological Society of Cornwall^ vol. x., 1879, p. 33. 
f 7rans«€tioHS 0/ the Ameritetn inUUtUe of Mining Ei^M^rs, vol. viii., iltSo, 

|) 226. 

X AmtaJts ties Mines, 3<i series, vol. tv., 1833, p. 515. 
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In these cases the gas was probably produced from the decom- 
position of pyrites ores. This decomposition may be detected in 
many old mines. The writer has observed the presence of lai^e 
quantities of sulphuretted hydrogen in abandoned workings at the 
Rammelst>erg mine in the Harz, at the Falun mine in Sweden* 
and at several of the Hungarian mines. In other cases the acid 
waters produced by the oxidation of p\ ritcs act on limestone and 
produce carbonic acid, lunanations of carbonic acid in the iron- 
ore mines of tlie Upper Erzgebirge are described by H. Miiller.* 
Sin)ilar ontbursts have been observed at the mines of Massa Mari- 
tnna, in Tuscany, where a thick vein of pyrites and quartz traverses 
clay slnte enclosing b'niestone beds. The hanj^m^-wal! of the vein 
is formed by a band of clay that conducts a quantity of water into 
the workings, and serves as a receptacle for gas, principally carbonic 
acid, probably produce 1 in the manner indicated. A similar reac- 
tion may have produced the large quantities of carbonic acid given 
off from crevices in the south wall of the lode at the Foxdale lead 
mines in the Isle of Man. In 1883, when the writer visited these 
mines, the amount of gas given off at the eastern end of the 185 
fathom level was so great that, notwithstanding the large volumes 
of compressed air continually forced in from two air pipes, candles 
would not burn, and the work was carried on under great diffi- 
culties. 

In the same way carbonic acid was met with in 1875 in the 
Johannis Stehenden vein, in the Himmelsfiirstmine, at Freiberg, tn 
Saxony. Here, too, lights would not burn before a freshly opened 

cavity. 

Carbonic acid, produced by the action of acid waters on lime- 
stone, is of not unfrequent occurrence in the Derbyshire lead mines. 
At a mine near Youlgrca\ e, the writer has seen this gas being 
raised in buckets attached to a windlass. 

Summary. 

From the various records collected in this paper, it is believed 
that there is sufficient evidence to show that the gas-outbursts, that 
have been observed in metalliferous mines, are not all due to the . 
same cause, and may be explained by the following hypotheses : 

* Gai^gsiuditH, vol. iiU, i860, p. 303. 
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1. The ilocoinjiosition of timber in a mine, in a similar manner 
to the decomposition of vegetable matter in marshes, may pro- 
duce lire damp which would accumulate in cavities that are ulti- 
mately broken into. This is evidently the explanatii>n of the ex- 
plosion in the Saxon mines, and in the Rocca Federighi mine. 

2. In iron mines, where tlic iron is not entirely in the state of 
peroxide, uatcr might be slowly decnmpo.sed, and hydrogen be 
produced. This, if the ventilation <>f the n^ine was defective, 
would accumulate in the upper portions of the undersj^rouiul exca- 
vations. 1 liis is a ])ossiblc explanation of the explosions at Gun- 
dershoffen and Wmckel. 

3. In these cases, however, it is more prul)able that the gas was 
fire-damp, which emanalid fri)m beds beneath the ore-deposit and 
lound its way, thrDu^di hssuics, into the workings. The gas would 
thus be produced in the same way as the natural gas of the United 
States, Chin. I and other countries, where it is given ofT from rocks 
of varied age inclosing bitumen. The Upper I.ias.sic marls on 
which the Gundcrbhoffen deposits rests, are often suffi ciently bitu- 
minous to enable them to be burned. At W'inckel. I^nvever. no 
such beds are met with below the dej)Osit, though they occur in 
the Juras>ic rocks ot the \ icinity. The same e.xpianation is there- 
fore feasible. At the Mill Close, and other mines in Derbs shire, 
the gas is derned (rom the \'oretiale Shales, which are undoubt- 
edly of a bituminous character, liituminous matter has occasi< >n- 
ally been found in mineral veins, and would appear to h ive been 
derived from the adjacent rock at the time ot the filling of the vein 
fissure, in the Snailbeach Ic.ul-mine in Shropshii e, small nests of 
bitumen abound m the vein, and the writer has found the .same 
substance in gcodes in some ot the abanrlone 1 metalliferous mines 
of Alsace, near Mollau and St. Amarm. in the \'osges. The ex- 
plosions at Monte Catini, Silver Islet, and the mines would 
appear to be due to natural gas derived Irom adjacent rocks. 

4. Fire-damp may be produced from the decomposition of or- 
ganic matter, in the same way as the hydrocarbons met with in 
salt mines. At l'oni)ein, an;! at the V\)iille nunc, the fire-damp 
was appaiently derived trom beds of lignite in the vicinity. 

5. Lxplosinns have in some cases been caused by outbursts of 
sulphuretted hydrogen, produced by the action of acid waters* on 
pyrites ore, 

6. The outbursts of carbonic acid met with at Foxdale, Freiberg 
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and Massa Maritima, may have been caused by the action of acid 
waters, produced by the oxidation of pyrites, on limestones or 
metalliferous carbonates. 

* * * 

Mr. Jamk> Willis said it was a frequent ocean cnce to have 
slight explosions of gas in tlie hematite tnines of Cleator and other 
places in Cumberland. Last year one man was killed by such an 
explosion in the Furness district. If the writer of tiii> paper would 
go to the places, he might have an opportunity of examining these 
gases. The supposition of the writer was that the gases referred 
to in the paper arose from the decomposition of wood. 

* * ♦ 

Mr, White said that when he had charge of the South Skelton 
iron-mine in Cleveland, there were two men very badly burned in- 
deed. For some time they were so very much bothered with gas 
that Davy lamps had to be used in working some parts. In the 
Liverton mine, near to South Skelton, they had always, he believed, 
bad some trouble with gas. For a considerable period tliere was 
an oily fluid to be seen trickling down the sides of the hoards from 
the roof in the ironstone-mine. In his case the timber had nothing 
whatever to do with the matter. 

* * ¥ 

Mr. Bki.l said he thought it was from the jet shale that the gas 
came into the Cleveland mines. In one of them he had seen more 
gas than in a coal-mine. As to gases in metalliferous mines, he 
had seen some in two or three places traceable to some shales. In 
another instance, where a man was burned, there was a small coal 
seam, si.x or seven inches thick, where the gas had evidently come 
from, and exploded at his light. It was a common thing in all lead 
mming districts to have i;as here and there from the shale, or small 
coal seams, or from both of them. In the ])lace Mr. White spoke 
of he (Mr. Bell) had traced it as coining houi the jet shale. 

« * « 

Mr. j. M. LiDOELL said that in the diamond mines of South 
Africa there was a great amount of carboniferous shale, and in 
working amongst it there had happened one or two explosions. In 
one case a shaft was sunk through a small amount of shale, and in 
another a drift was driven into t large mass of shale, and explo- 
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sions occurred. He thought that as they got deeper they would 
have to take more care. 

Mr. Willis said that four or five years iv^o at the Fallowfield 
lead mine five men were burned b> gas from an adjoining coalfield. 
There was a very large trouble in the coal-fietd which seemed to 
throw the lead-measures to about their level. 

» * « 

Mr. Bell : The cases mentioned in this paper might be multi- 
plied twenty-fold. 



EXAMINATION OF MINES. 

By prof. H. S. MUNROE, 

(Continued from Vol. XI.» p. 201.) 

In a previous article^ it was shown that questions as to the value 
of a minincf property, and as to metliods of working;, cannot be 
answrrcd dctlnitcly until the cliaractcr and pro[)able extent of tlie 
deposit arc well dctci tnincd. This in turn rc<|uires that tlie pro|>- 
erty be dev eloped by surface and under^roun i vorl<:infj;'s. To de- 
termine whetlu r the property is worth devei(>[)nient, and to devise 
a systematic and economical plan of ex[jloration demand careful 
prehminary study. The method of making the necessary exami- 
nation and surveys for this preliminary study was described at 
length in the above-mentioned paper. 

Passing over for the present the methods of prospecting and of 
developing a mining property, the present paper will treat of the 
examination of mines or of developed mineral properties. 

The objects of such examination are the valuation of the prop- 
erty and the determination of the proper method of working the 
deposit Jnctuding, among other things, the proper scale of mining 
operations. 

Valuation of Mines. 

The value of a mine is determined by its capacity for earning 
profits or dividends. 

If, for example, we assume the proper rate of interest, all things 

* Examination of Mineral Properties, School of Mines Quarterly, vol. xi., No. 
3f p. "93. 
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considered, at 10 per cent., then a mine earning one hundred thou- 
sand dollars a 3*ear should be worth a million dollars. 

The problem, however, is not as simple as it would appear at 
first sight, and the determination of the proper rate of interest de- 
mands careful consideration. 

In the first place, the business of mining is peculiar, in that it is 
a temporary business. Any ;:;ivcn mineral deposit or miningr prop- 
erty will bo exhausted sooner or later; and the more activel\- it is 
worked the sooner will the business of minin^j come to an end.* 

Tlic value of a mine should, tliereforc. be computed nn the basis 
of the present value of a limited annuity, and not according to the 
rules of sim])le interest. 

A"^ain. tiie business of mining is risk) . All mineral deposits 
are oK^re or less uncertain. Kven beds of coal, perhaps the most 
regular of all, are liable to contain unworkable areas, and often 
pinch out and disappear entirely. In the case of metalliferous de- 
posits, irregularity and uncertainty are the rule rather than the ex- 
ception. An engineer's estimate of the yield of a deposit, or the 
life of a mine, must take into account this element of uncertainty, 
which is greater for some classes of deposits than for others. 

Mining is subject as well to the ordinary risks of similar business 
operations. The market value of the product varies with supply 
and demand, is affected by the cost of transportation, by tariff legis- 
tion, and by other outside influences. The cost of labor and of 
the necessary supplies is also subject to change, and the profits of 
mining may be seriously reduced thereby. The mine workings 
and surface plant are liable to be destroyed by fire and by floods, 
and by other accidents peculiar to mining, such as explosions of 
fire-damp and the cavini^-in of the overlying strata. 

The fact that mining is a temporary business makes it necessary 
to provide fv)r the repa\-mcnt of the caj)ital invested in the prop- 
erty, anil that re(|uired for the development and working of the 
mine. In estimatin;^^ the profits a certain sum must be added to 
the working ex[)enscs to provide a sinking fund for this purpose. 
This fund should be large enough to extinguish the capital within 

* The rapid exhaustion of mines is a characteristic feature of modern mining, espe- 
cially in this country. In the older mining regions of Europe are mines centuries old 
and stilt productive. In thu country mines equally large and deep have been exca* 
vated in a single generation. The introduction of machine drills and high explosives 
have revolutionixed the art of mining. 
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a less term of years than that estimated as the probable life of the 
mine. 

In estimating the value of the mine, on the basis of an annuity 
for a term of years, the interest assumed in computing the present 
value of the annuity should be large enough to cover the mining 
risk. 

Forexample» let us suppose the case of a mine with a total capi- 
tal of one million dollars, which is to be repaid in ten years, money 

being worth 5 per cent. A sinking fund of about eighty thousand 
dollars per year will be required. To p.iy interest on tlie capital, 
wilh no allow.incc for mininjT risk, the mine must earn fifty tl^m- 
sand dollars acklition.il, <>r one hundred and thirty thousand dollars 
in all. Thus the .stock must earn 13 per cent, dividentls per \ ear 
in order to pay interest on the capit.il invested, and to repay that 
capital in ten year5^. In other words, the stock must earn over two 
and onc-haif times the commercial rate of interest to be worth par. 

The same result is reached by the use of a table of annuities. 
Here we find that the present value of a ten-year annuity, money 
being worth 5 per cent., is 7.72 times the yearly income. With 
a present value of one million the income must be one hundred 
and thirty thousand dollars, as before. 

In order to take into account the mining risk in the above case 
the yearly earnings under the above conditions should be not less 
than 20 per cent, and under some circumstances 30 or 40 per cent, 
per annum, or from four to eight times the commercial rate of in- 
terest. 

In Nevada, when the Comstock mines were declaring large divi- 
dends the stocks yielded about 40 per cent income per year on 
their selling price in the stock market The commercial rate of 

interest in Nevada at that time was 10 per cent. The stock in this 
case earned four times the usual r.ite of interest, and was sold for 
two and a half times the yearly profits. 

In the Lake Superior region the stocks of the dividend-paying 
mines earn from 8 to 25 per cent, per year on their average market 
value. 

The Calumet ami Hecla mine occupies an exceptional position 
in this respect. The mine earns from two to three millions in divi- 
dends per year, and is estimated to have at least thirty years' further 
life at the present enormous rate of production. The average sell- 
ing price shows that the stockholders are content with 8 to lO per 
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cent, interest. The allowance for mining risk in this case, assum- 
ing money to be worth 5 per cent., is very small. 

Prof. J. C. Smock,* in estimating the value of the iron-mines of 
New Jersey, assumes the average life of the mines at fifteen years 
and the rate of intere>t at 4 per cent., and multiplies the yearly 
profits by seven to obtain the value of the mine. This corresponds 
to a year!}' profit of 14 per cent, or three and a half times the rate 
of interest assumed. 

Examples might be miiltIj)lio(l. but the above will serve to show 
that each case must be judged for itself. To estimate the value of 
any mine we must know the amount of capital required, the prob- 
able life of the mine and the yearly profits, and make due allow> 
ance for the mining risk. 

When the deposit is completely exposed, or is of such a nature 
that its continuance may be safely predicted, the value of the 
property can be computed with great accuracy. 

When, however, the deposit is unreliable, and its future cannot 
be predicted with any degree of certainty an accurate estimate of 
value is impossible. 

In such case it is, perhaps, best to make two estimates of value. 
One of these should be based on the mineralf " in sight," which 
is proved to exist, and which can be accurately measured and 
valued. This estimate will give the minimum cash value of the 
mine as far as developed. 

The other estimate should be based on reasonable probabilities 
as to the future, and will represent a value more or less speculative. 

Conservative engineers usually confine themselves to the valua- 
tion of the mineral " in sight," and take no account of probabilities. 
Nevertheless, the speculative or probable future value of the mine 
will have wc i-ht with the intending purchaser or investor. He, or 
some one for him, will make some kind of an estimate of tliis 
probable value. Such estimates are likely to be exaggerated, and 
may work great harm. An estimate of the speculative value of 
the property, made by an expert who is able to weigh the proba- 
bilities intellii^cntly, will enable the purchaser to decide the amount 
of risk he is justified in taking. Careful estimates of this kind 



* Tromt. Am. Inst, Mutit^ Engimters^ vol. x., pp. 288-393. 
t The word "mineral " in this article will be used to cover productive vein rock, 
and ore, « mined, *s well a» coal, iron ore, rock>salt, etc. 
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will tend to prevent extravajjant valuations from obtainin<:^ toot- 
hold, and will tend to discourage the over-capitnlizntion of niininf^ 
enterprises which has worked so much injury to the mining indus- 
try of the country.* 

Work of Examination. 

The examinations to obtain the necessary data for the valuation 
of the mine will be, so far as the surnicc is concerned, on the same 
lines as the preliminary survey detailed in the last article. If there 
has been no such preliminary examination of the property a topo- 
graphical and geological survey should be made, following the 
scheme of work as previously outlined. This survey and exami- 
nation can be complete and thorough, as the work of exploration 
and development have made the deposit accessible at all points. 

In the examination of the property the following outline of^work 
should be followed : 

r. Study carefully the deposit and its associated rocks and min- 
erals at numerous points, and determine its geological character. 
Determine, if possible, the method of its formation, especially when 
this is likely to have important bearing on the questions of reL,ni- 
larity and continuance of the deposit. Specimens should be ob- 
tained for lithological study, if this is likely to throw additional 
light on the formation of the deposit or on the occurrence of the 
useful mineral. 

2. Study and map the zones of rich and barren ground, the 
"pay chutes," "bonanzas," "ore-courses," " chimneys," " horses," 
** feiults," " squeezes," etc., and endeavor to determine the laws gov- 
erning the distribution of such zones and their average size and 
frequency of occurrence, as well as the relative areas of good and 
bad ground. 

3. Make careful measurements, at as many points as possible, of 
the thickness of the deposit and of its different subdivisions or 
benches. Obtain the data to compute amount of mineral " in 
sight" 

4. Make a survey of the underground workings, and construct 
sections to exhibit the data obtained and as a basis for the study 
of the deposit 

5. Obtain from different parts of the mine a suflltctent number 
* See also PmttUai Mtning by J. G. Murphy, E.M. D. Voa Nostrud, 1890. 
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of samples for assay to give an accurate determination of the 
average richness or quali^ of the mineral. The snniplcs should 
be so taken as to show variations in richness or qn.ility in the dif- 
ferent parts of the deposit, in zones, layers or bcnclies, as well as 
in different parts of the mine. If any mineral has been mined, 
and is accessible in cars, bins or stock-piles, this should be sampled. 
If any of the mineral has been sold, or treated in dressing or 
smelting works, secure data as to the results obtained. 

6. Study the deposit and the enclosing rocks and overlying 
strata from the standpoint of the practical miner, and not<* cmdi- 
tions likely to have influence on the methods and cost of develop- 
ing and working the mine, on drilling, blasting, timbering, drain- 
age, ventilation, etc. 

7. Determine the proper scale of Operations, and estimate the 
amount of capital required. 

8. Obtain data for estimating the cost of mining and mechani- 
cal preparation of mineral, probable cost of labor and supplies, 
sources and cost of fuel, timber, water, etc. 

9. Determine proper metallurgical treatment and estimate cost 
of same. 

10. Ascertain cost of transportation of supplies and product, 
and whether liable to change. 

11. Study the market for the product; note the effect of in- 
creased production or competition on selling price. 

1 2. Inquire as to the history of similar enterprises in the vi- 
cinity and commonly received opinions as to the richness and 
quality of mineral that can or cannot be .worked. 

(To be continued.) 



A GRAPHICAL METHOD OF SHOWING THE RELA- 
TIVE ANNUAL EFFICIENCY OF A STEAM PLANT. 

By H. F. J. PORTER, M.E. 

If we examine the work performed by a large boiler plant we 
will find that the greater portion of the steam generated is utilized 
for one specific purpose, while small amounts are used only in- 
cidentally. For instance, in a heating plant, the bulk of the 
steam ts used for the purpose of warming certain rooms or build- 
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ings while smaller amounts drive machinery for making repairs, 
for electric lighting, for pumping water and for minor purposes. 
In a factory most of the steam is used for power to drive ma- 
chinery, and minor amounts are used for heating, pumping water 
and for special purposes. 

It is the duty of the engineer to so arrange his plant that the steam 
for minor uses should be either waste steam or steam which can 
be utilized afterwards for doing its share of the main work of the 
plant 

When a plant is so arranged the cost of the minor uses 
of its steam is minimized and the main use to which it is put 
becomes the sole function of the expense of running. Thus, in 
a heating plant, the expense of running would depend upon and 
be inversely as the outside temperature, while in the power plant 
of a factory it would depend upon and vary directly as the output 
of the factory. We thus obtain a standard to which the running 
of the plant can at all times be referred. 

In order to make the necessary comparisons careful records must 
be kept of temperature or output, as the case may be, and of the 
running expenses, and these must be systematically tabulated. 

The grs^hical method of showing the results of tabulation has 
of late been made much of because it places them before the eye 
much more explicitly than mere columns of figures. 

In this paper I shall endeavor to show by this method the rate 
of coal consumption in the heating plant of Columbia College, 
comparing it with the outside temperature. A similar method 
may be used to show the efficiency of any steam plant, measuring 
it by the output. 

Until the fall of '84 no records of coal consumption at the college 
had been kept, and if they had, the frequent additions of new 
buildings and consequently boilers, would have made the records 
specific rather than relative, and therefore useless for the present 
purpose. 

During the summer of "84 and the following winter the steam 
piping of the boiler house was completely overhauled and so ar-. 
ranged on a manifold system that the boilers could be used inde- 
pendently or together by any desired combination on any or all 
buildings, and the steam piping of the buildings was arranged so 
that the wliole plant would work as a unit and not as a collection 
of units as before. The exhaust steam from all the engines, pumps, 
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etc., was turned into tlic heating mains and after performing its 
work of hc.iting, all the stcani was returned in the conililioii of 
condensed water, at a high temper;U.urc, to the boilers. Thus the 
cost of stcarn for power was made a minimum. So much hcl[) was 
obtained from the exhaust steam from the engines used for ven- 
tilating, electric iigliting, punij)inL; water, air, etc., that on dark 
days in winter when al! the uiachinen,' was at work, the heating 
boilers were not run under pressure, and the buildings were heated 
almost entirely by exhaust steam. 

Records were begun on Nov. I, '84, but the work upon the re- 
arrangement of the plant did not cease until the following spring. 
During tliis tinie, however, the heating and lighlmg was not inter- 
rupted, but the plant was run in a manner that was not economical 
owing to its unfinished condition. 1 he records show the relative 
economy of running before and after the plant was overhauled. 

The coal burned pre\ ious to Nov. '84 was of the size known as 
broken or lump. During the year Nov. '84-Nov. '85 the size 
burned was egg. Durmg the years Nov. '85-Nov. '89 pea coal 
was burned, and since then buckwheat. 

It was anticipated before each change was made that more of 
the smaller size would be burned; not so much more, however, 
but that the difference in cost would show a considerable saving 
in fevor of the smaller size. But it was gratifying to find, that 
less of the smaller coal was burned and the saving in cost from 
the first change was over 50 per cent, during the year. Since 
that time the area to be heated has considerably augmented, the 
electric lighting plant has grown to five times its original size and- 
the engines for power have greatly increased in number and run 
all day long instead of occasionally. And yet the coal consump- 
tion has been less and at present is no greater than it was the 
year before the plant was overhauled, reckoning from the coal bills 
of that year. 

The price of coal has varied considerably as will be seen by the 
tables, but in the graphical record this has not b^en considered, as 
it is but incidental to the question at issue. Coal strikes and bliz- 
zards, for instance, raise the price of coal, but do not affect the 
efficiency of the plant, which is the point under consideration. 

In order that a proper record should be kept the following form 
of record sheet was printed and hung in the boiler house and has 
been filled out regularly ever since. 
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The temperature has been taken hourly day and night from a 
thermometer hung in the shade outside of the boiler-house door, 
and a tally of the coal was kept by counting the coal trucks as they 
entered the boiler house from the coal vaults. 

These trucks were always filled until they would hold no more. 
When so filled the coal weighed net 1600 lbs. 

The hourly record of the temperature serves to apprise the fire- 
men of an impending change in the weather and a comparison of 
the coat tally with the average temperature for the day shows the 
engineer whether or not his men have done their duty; for the same 
average temperature should be accompanied by the same rate of 
coal consumption p other things being equal, unless something has 
gone wrong with the plant. 

These monthly records have been tabulated and are given here- 
with. They are more i nteresting when accompanied by the remarks 
from the monthly records showing the causes for certain irregu- 
larities and inconsistencies, but the limits of this paper do not 
allow the insertion of these details. 

From these tables the curves have been plott^, one pair lor 
each year, the dotted line representing the temperature and the 
continuous line the coat. 

It will be seen, that as the temperature line rises it crosses the 
coal line and that there is really no relation between the two 
during the summer months when there is no heating, but at which 
time, considerable power is required for electric lighting, running 
machinery for repair shop, pumping water, ventilating,'etc. 
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Tlic relative eniciency wlien referred to the outside temperature 
is therefore to be considered between the curves only before and 
after the intersections of these lines. 

It is the desire o\ the enj^iiieer, in order to obt.iin the <:^rcatest 
efficiency from the plant, to keep j)arallelisni between the curves 
and to have tliein as far apart as possible. In other words the plant 
sliould be x\m, first, so that all the steam shoiikl be used for heating 
and thus the coal curve will rise and fall with the temperature cur\ e ; 
and sei'OTid, so th.it the niininuiin coal should al\\ a\ s be burned and 
thus lor any j^iven point on the temperature curve the correspond- 
ing i)oint on the coal curve would be at a gre it flistance from it. 

'I'he ratio between the areas circumscribed by tlic cur\ es deter- 
mines a value for the efficiency of the plant for the year, and it will 
be seen that each year has been sMven its appropriate figure. The 
greater this figure the better the running of the plant. 

The areas have been taken by the planimeter and the part enclosed 
by tile intersections of the curves has been deducted as irrelevant. 

As lias been already remarked the reading of the curves loses 
interest and even intelligibility when unaccompanied by the rea- 
sons for the apparent erratic changes in their direction, but as I 
have attempted to .show only the method of keeping the record it 
has not been deemed necessary to enter into these details. 
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Yearly mean of all months^ nol including Jone^ Juljr» Augtiat and Sept., 39.99^. 



Ill.t 

1885-1886. 



I 

1 

1 


MoiB 
Tenp. 




Amt, 
G.T. 


Rind. 


Per Too. 


1 


Kate 
Per Day. 


Total 
Com. 

1 






















1 Lehigh Egg. 


J4.60 








1 






1 24.41 












44.93 


108,57 


84. 1 r) 




30 


>ii.6o 


#347.934 


1 


Lackawana 












185.70 


1 Pea. 


a.8o 










35.70 


lAckawana 




3« 


16.77 


519.960 






t Pea. 


2.80 








26.79 


235 7» 


w 


4. 


3' 


21.28 


659.988 




2745 




M 


« 






5^5.996 




37.00 


155.00 


N 


«« 


3' 


14 Ou 


4j4<>00 




52.87 


80.00 


M 


M 


30 


7.46 


224.000 




60.18 


3857 


1 : 


H 


3' 


348 


107.996 




68.03 


9 28 




M 


30 


.86 


25.^84 


J"iy ! 


74 83 


8.57 




M 


3« 


.774 


23.496 


.'Xugtist 


70.19 


8.57 




n 


3« 


•774 


23996 




65.25 


10.00 


M 


M 


30 


.93 


28.000 


1 


54.90 


54.29 


M 

1 


H 


3» 


4.90 


152.012 


I 


Si.$6 


1092.83 


1 Pc«. 


2.84 


365 


58.504|S3, 103.86 



Yearly mean of all months, not including June, July, AuguM and .Sept., 42.558*. 



* During tins year tlic [ l.Tiit w.is un lr'r|^< iiv.;^ reconstruction. 

-}• The figures bbow tlic effect of the work of recoastruclion of the previous year. 
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IV.* 
1886-18S7. 



Month. 


M ca n 
Temp. 




Degrees. 




44-56 




29.59 




29.09 




3363 




3225 


April 


46.33 




(>3 7S 




69,60 


J U 1 \ .... 


78.18 




70.01 




61. S3 




5«.«7 


Year 





1 Amt. 

I - 
I 



Kind. 



71 60 iLa. Pea. 
36.97 Lb. P«a. 




Gout 
I'cj- Ton. 



$2.8o 

2.95 



38.10 Lh. Pea. 

3.00 I.. & W. Pea. 

7.00 Lh. Nut. 

10.00 l.li. E(|rg. 

120 20 La. Egg. 

13.84 Plymouth 

-I Pea. 

192.14 



7.16 Ply. Pea.. 
121.95 

32.32 Ply. Pt-a. 

161.43 



42.68 Ply. Pen, 

23 CXJ Ply. Egi;. 
104.32 l-a. buckwt. 

170.00 • 



17'^ l4uBuckwt. 
75-95 Ply. Pea. 



1643 • " 

15.71 < '* 

17.86 

25.00 !La. Pea. 
70.00 I ♦* 



: <3 



30 




2.95 , 3> 



2.95 

3-75 
3-75 
5.00 

4.80 
3.10 



3 »o 
3.10 



3.10 

4.50 
3.90 



31 



$10.28 S307.541 



a«.95 
26.44 



680.690 

8«9-759 



28 



28.76 



805.308 



3i I 20.73 



390 


30 


10,14 


3.10 






310 


3« 


307 


4.10 


30 


2.24 


4.00 


3« 


2 02 


4.00 


3« 


2.30 


4.20 


30 


350, 


4.30 


3' , 


9.48 



642.656 



304 1 6j 



95.201 

62.840 

7L44C 



3 76 365 $ii.66{4,255.96l 



Yearly mean of all moiitht, not including June, July, August and Sept., 41.42*'. 



^ A coal Mrike considerably affected the price ot coal during this year and the first 
part of next. 

VOL. Xlt.— 3 
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v.* 



1 

Month. 1 

I 
1 




Amt 
ti. 1 . 


■ 

Kind. 


COMt 
*CX A UK. 


> 


*> s 

1 


Tdlat 
One 




Degrees. 
















41.40 


117.14 




#4 30 


30 


$16.39 


S491.980 






1 u/ . 14 




4 7 Q 


■J 1 


22.64 


701.988 




22.97 


247.86 




4.20 


3* 


3358 


1,041.012 




29.30 


> 83.57 




4.20 


29 


26.58 


770.994 




39.99 


209.28 


*« 


4.20 


3« 


»8.35 


878.976 




4603 


9714 


VVy. I'ea. 


3-95 


30 




383.700 


May. 


58.02 


66.43 


M 


395 


31 


8.46 


262.398 






28.57 


« 


3-95 


30 


3.7<' 


1 12.851 


July ' 


7071 


19.29 


<• 


395 


3« 


2-451 


76 179 




72.56 


17.14 


M 


3.95 


3' 


a 18 


67.7>4 


Scpte»nlifr 


62.81 


17 86 


<« 


3-95 


30 


2.35 


70.567 


1 


48.61 J 




La. Pea. 


3.90 


3« 


ll.8y 


367.692 




4S.9a 1 


1,465.70 


Pea. 


4.13 


366 


t4 3o|5,326.o5i 



Yearly mean of all monlbs^ not including June, July, August and Sept., 38.77°, 



f 



VI. 
1 888-1 889. 



Monih. 


Mean 
Icatp. 


0, T. 


Tvwa. 

Kind. 




I 'C).rL'jv. 








45-45 


i to.oo 


La. i'ca. 




34.74 


160 71 




jamt.i-y ......... 


.i5-74 








^7.75 




«* 




39-74 


158.57 




.\] lil 


SI, 21 




« 


M;iv 


t^J-5J 


59. .J S 






70^47 


i«.57 


Pit'^tuii Pea. 


1-ilv 






1 .V. IV.i. 


Ali;^ll>t 


70.53 


0.00 






65.16 


16.43 


La. Pea. 




49.7* 


83.57 






1,065.53 





Co»t 
Per Ton. 



>390 



3.10 

3.90 

3.90 



Cokt. 



30 
3» 

.!8 



;>l4.3o ^42().oo 
20,72' 62(1.77 
iqv; 5'><'. II 

27.*^! 77+4^ 
19.94' 618.43 



30 

3» : 



,>■'.■> 

l.9ij 

•251 



57.56 
7.80 



2 14, 



3«S.9a 



305 #11.35,4,140.77 



Yearly mean of all montlw, not including June, July, August and Sept., 43 49^. 



* The cold weather of Jamwiy and the blizsard of March appreciably affect the 
avetagea for this year. 
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VI. 
1 889-1 890. 



MoBtli. 



November. 



Mean 
Temp. 



Degrees. 

44-74 



Fuel. j 


! 

G. T. 


Kind. j 



Deccmhf. 39-97 

January 37-62 

Fcbriiary *. 37.^3 

March 35.59 

April 49.07 

May 60 25 

June 70.08 

July \ 73I» 

Au^u^t , 72,74 

September 67.13 

October 54.50 



79.14 

'3.71 

148.57 

167.14 

»S»-57 

212.14 

110.71 
64.29 
17.86 
10.71 

1357 
17.14 
100.00 



I I .a. Pea. 
Pitts. B'ckw't. 



Year. ^ 53.52 : 1123.55 Buckwheat. 



LtW. 



Fdvl 





1 


>• 










Total 


nr Ion. 


S. 


it 

0£ ^ 


ClMi, 






w 




i^3-90 


30 


»^>2.73 


53S2.I4 










M 


3> 


14.85 


460.56 


M 


3' 


16.71 


5'S»3 


H 


28 


17.56 


491.56 


M 


3> 


21.21 


657.63 


U 


30 


11.44 


34.1. 20 




3. 


6.43 


Mr ). ;<> 


1 : 


30 


1.85 


55-37 




3» 


1.07 


33 20 


• 4 


3' 


1.36 


42.07 


t< 


30 


».77 


53.23 


»5S 


3i 


10.00 


255.00 


li.11 


365 


9.7 « 


3491.39 



Yearly mean of ail months, not includtiig June, July, Auga^t and Sept., 44.96**. 

Recapitulation. 



Yean. 


Yearly me;in of 
7I1 montha, nut 
inclu'linf: hme. 
July. 

Mid Scpienit>er. 


Amount 
.GfioM T«»* a 
Year. 


Too. 


1 

Rate p«r Total Cowt 
Dajr. ' F«rY«ar. 

1 

• 


ESdoicy 
obtained 

from «hc 


1883-1104. 


42.«i» 


1,122.08 


*4.6o 


$14.10 ] #5,161.56 




18&4-1885. 


3999* 1 


',563.54 


4.60 


19.70 


7,19241 


I. 103 6 


1885-1886. 


42.55'^ 


1,092.83 


2.84 


8 50 


3,103.86 


I 2250 


1886- rS87. 


41.42' 


1,132.13 


376 


11.66 


4,2?5.9'> 


I 35(X3 


1887-1888. 


38.77° 


1,264.05 


4 13 


14.30 


5.226.05 


1.2570 


iS8»-i889. 


4349" 


',065.55 


3.88 


««.3S 


4»<40.77 


1.1840 


1889-1890. 


44.96« 




3.1 1 


9.71 


349<.39 


1.2000 



Digitized by Google 



36 



2 HE QUART ERL\ 




1tm|». (Urvc 

CmU CtiiVt 

Ratio 1 : 1.1056. 





M..>lt. A 






sJti 






mr 
titr 

to' , iptr 




































■' 


f V 


— ^ 




















1 — 1 










• 






✓ 




' J 


— _ 














/ 1 
/ 1 






























— 


\ 


\— 




A 










t- 






— . 


/ 














- 
























1 



















— Timp. Curv« 

CmI Curve 

RatjO 1 : i.a>5a 























M 














._ 




— 












































V 




I 


























/ 










r 







r ' 




/ 

























































ISmfi Curve. 



iW » At jMt /a iitJb w M ^''^ f" 



m7 





































/ 




^ — 


- -v- 
















/ A 


, 




N 










































pi 


'1 




























/ 




































K 


























1 


1 




1 1 



Ratio I : f .350a 



Ratio t : 1.257a 



Diqitized by Google 



N02ES ON A RED SEDIMEN2, 



Z7 



mi' /$n 
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Ratio 1 : 1. 1840. 
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CcaL Curri. 



Ratio 1 : 1.200a 



Ni>TF.. — The aren*. of fliesc curves were comptifcd fn in diagrams laid out to a very 
much lar^^cr scale than the above, to obtain greater accuracy in measuring them by 
tlie planiroeter. 



NOTES ON A RED SEDIMENT FORMED IN 
A RAFFINOSE SOLUTION. 

By F. G. WIECHMANN, Ph. D. 

Whilh engaged in the isolation of raffinosefrom a low beet- 
sugar, tlie writer inriilcntally obtained from the raflinose solution, 
a precipitate bright red in coldr. and of pecuh'ar properties, which 
he has so far been unable to identify as one of the numerous sub- 
stances whose occurrence in saccharine solutions has been estab- 
lished. 

The incident seemed sufficiently curious to merit recording, 
and although the amount of the substance secured was, unfortu- 
nately, too small to perrriif of ultimate analysis or of an exhaustive 
investigation, a brief history of the case, and a description of the 
properties of the body, as far as determined, may prove of interest. 

The raw material used for the preparation of the raflfinose was 
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an after-product from a German beet-sugar fectoiy employing the 
Strontianite process. 

The sugar presented a highly crystalline appearance, and ex- 
hibited in profusion the needle formation, characteristic of products 
containing raffinose. In color it was of a dark brown. The an- 
alysis, made in duplicate, showed: 

rolarizatton, , . 07 6 93.7 

Sucrose 88.2 88.3 

Rsffinose 2.9 2.9 

Work was commenced on November 25, 1S88. The different 
steps taken, were as follows : 

To 6000 grammes of raw sugar there were added 6000 c.c. 
methyl alcohol. 

The solution was after some time drained ofT, and the sugar 
treated with an additional 40cx> c.c. of methyl alcohol. 

From the ia,ooo c.c. alcohol added, about 7400 c.c. were recov- 
ered. 

This solution was placed on a water-bath and the alcohol evap- 
orated completely. 

When this had been accomplished, and while the solution was 
still warm, ethyl alcohol was added until a permanent turbidity was 
caused. 

This precipitate was allowed to settle and was then separated 
from the clear solution. 

This operation was performed six times : the time allowed for 
settling being in each instance about 2 days. 

Then the raffinose syrup, perfectly free from alcohol, was 
drawn off. 

This syrup amounted to 200 c.c and was divided into three por- 
tions. 

As the colored sediment was produced in only one of these por- 
tions, a brief statement of the treatment which each of these por- 
tions received, is given. 

Part I. 20 c.c. were devoted to a trial of Scheibler*s method 
for preparing raffinose.* 

Treatment was commenced January 1 6, 1 889, and by September 
5, 1889 the separation of the raffinose crystals seemed complete. 

* ZtiUehriftda Vltr4ltu$ ft." ^iiAeH-ut:i*r Jttdusttie, i8S8»p. 337. 
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Part II. 50 c.c. were treated as follows : 

The specific gravity of the syrup was determined to be 1.4032* 

To the 50 c.c.(70.l I grammes) there were added 140.22 grammes 
acetate of lead. Then absolute ethyl alcohol was added and the 
solution heated on a water-bath. 

The precipitate which formed, was filtered out, suspended in 
water, and sulphuretted hydrogen was passed in until complete 
precipitation of the lead had been accomplished. 

The sulphide of lead was filtered out and thoroughly washed 
with water. The filtrate was evaporated on a water-bath to the 
consistency of a thick syrup. This was dissolved in very little 
water, and when cold, ethyl alcohol was added, drop by drop, until 
the turbidity just continued to disappear. The flask into which 
the solution had been placed was well corked and set aside to allow 
the crystallization of its contents. On March 28, 1890, there was 
considerable of a white crystalline deposit in the bottom of the 
flask, and the sides of the flask were completely studded with 
warts of rafiinose. 

Part III. On March 28, 1890, work was commenced on the 
balance of the 200 c.c. previously referred to, and it was in this 
portion that the colored sediment was developed. 

The specific y;ravii\ of the solution was 1.50642. To 97 c.c. 
of this solution (1267227 grammes), 253.4455 grammes of acetate 
of lead were added. Ethyl alcohol was then added and the solution 
was heated on a water-bath. 

This treatment was repeated until all of the rafiinosate of lead 
had been precipitated. 

This precipitate was then Altered out, suspended in water and 
sulphuretted hydrogen gas was passed in until all of the lead had 
been thrown down. 

The sulphideof lead was filtered out and was thoroughly washed 
with cold water. This was continued until the washings no longer 
polarized. 

To the filtrate, blood-carbon of the best quality was added ; this 
was thoroughly shaken up with the solution, allowed to remain in 
it for about 12 hours, and then filtered ofT from the then almost 
colorless liquid. The blood-carbon was then washed with water 
until the washings no longer poiari/cd. 

The washings were added to the filtrate and the whole evapor- 
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ated, at a temperature of about 70° to 75^ C, under partial vacuum, 
to the thickniss of a syrup. 

This s\Tup reacted decidedly acid, and upon testing, sulphuric 
acid was foiiiid to be present. This acid was exactly neutrali/.ed 
with harium liydr.ite and the precipitate of barium sulphate was 
filtered out. The filtrate, which was of a lij^ht amber color, was 
concentrated to a thick syrup by evap natit^a in partial vacuum. 

Tile .solution a<;ain turned dark and again reacted sligluly acid. 
Barium hydrate was once m )re added to neutralization; an addi- 
tional (luantity of the lu st blood-carbon was also placed in the 
liquid, and the whole was allowed to stand at rest for four days. 

The solution was then filtered through asbestos, washed sliglilly 
with water and set aside. 

It vvould now have needed only the addition of ethyl alcohol 
and a leavinji at rest to secure the cr\ stallization of the raffinosr. 

When set aside the solution uas perfectly clear and of a light 
brownish color. After allowing it to stand wcW corked for 24 hours, 
on close inspection, it was found to contain a bright red sediment, 
in color not unlike red sealing-wax. On niovinf^ the solution the 
sides of the glass vessel were seen to be coated with a beautiful 
rose-colored tilm. 

The .solution looked at by transmitted light was of a hrownish- 
yellnw color; by reflected light the solution was opaque and of a 
very dark careen color. rescml)ling in appearance the heavy oils of 
petroleum ; looking across the surface, hims of emerald-green and 
rose were visible. 

The solution was allowed to stand well corked, and at rest, for 
seven days, during which period the sediment increased. 

At the end of this time the sediment was filtered out, the filtrate 
being passed into a covered flask in order to avoid exposure to the 
atmosphere. 

This filtration yielded a perfectly clear brownish-yellow solution 
which had lost every trace of fluorescence. This filtrate, well 
corked, was .set aside (June 1 8th), in order to learn whether any 
more of the colored sediment would be developed in it. 

This solution will hereafter be referred to as specimen A. 

The sediment, all of which had been retained by the filter-paper, 
was of a bright-red color, resembling in tint, as alrt ad\' stated, 
ordinary red sealing-wax. By reflected tight it exhibited an 
emerald^green sheen. 
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This sediment will hereafter be referred to as specimen B. 

To remove all raflRnose solution adhering to the filter-paper the 
sediment B was washed moderately with distilled water. The 
washings were caught and kept in a separate ilask. 

These washings were preserved for three months and no sedi- 
ment having formed in them, they were then discard c ! 

The filtrate (A) was inspected from time to tjme. The following 
are some of the entries recorded : 

June i8th. — Solution perfectly clear; color brownish^yellow; no 
fluorescence. 

June i9th.~No change. 

June 2oth. — Distinct though thin layer of sediment has formed^ 
adhering uniformly to all parts of the glass in contact with the 
liquid. 

June 2 1 St. — Sediment slightly increased. A green fluorescence 
of the solution is noticeable. 

June 23d. — ^Sediment increasing. Distinct rose layers on sides 
of vessel. The solution is brownish-yellow by transmitted light, 
and dark green by reflected light 

These observations were continued through July and August. 
The rose-colored sediment in the solution gradually changed in 
color to a rich brown. At the beginning of September it was 
noticed that white round disks, which seemed to be mould forma* 
tions, appeared floating on the surface of the solution. Fearing a 
possible destruction of the colored precipitate at the bottom of the 
flask, these disks were removed and the sediment filtered out. 

This sediment was marked specimen C 

The solution after the sediment had been filtered out, was of a 
dark-brown color, and without any fluorescence. 

It was treated with absolute ethyl alcohol, and after standing a . 
few hours yielded a copious brownish-gray precipitate which should, 
and probably will prove to be, raflinose. This precipitate, however, 
yet awaits purification and recrystallization from alcohol. 

The red sediment first obtained, specimen B, was for months 
preserved practically unchanged. It was kept on the original filter- 
paper, of course carefully protected from the dust. 

Examined under the microscope with low powers (} and \ ob- 
jectives with respectively the A, B and C eye-piece) the substance 
exhibited an appearance like scales, partly round, partly angular ; 
no crystalline system could be distinguished. 
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When submitted to examination by a Zeiss immersion lens the 
sediment was found to consist of small plates and rod-like forma- 
tions. 

It was impossible to determine with certainty whether the rod- 
like formations were bacteria, or of crystalline structure. 

The deposit is however, probably, a chemical precipitate. Dr. 
A. A. Julien, who also kindl\' examined the specimen, expressed 
this view, which is strengthened by the following considerations : 

1. The sediment was formed in the liquid, preferably on the 
sides and bottom of the flask, whereas most chromogenic bacteria 
are aerobic, and hence would display greatest activity at the surface 
of the solution. 

2. The sediment is insoluble in alcohol, whereas bacteria colors 
are soluble in this reagent. 

3. The rods vnrv considerably in size, whereas bacteria would 
exhibit fairly uniform dimensions. 

As this colored sediment was not formed in cither of the two 
preceding portions of the raffinose solution, but only occurred in 
that portion which was decolorized with blood-carbon, it was 
natural to suspect that this reagent might have been the source of 
the sediment in question. 

Hsematin was looked for in a hydrochloric acid solution by the 
spectroscope (absorption bands), but with negative result. 

Attempts were then made to obtaim haematin from some of the 
blood-carbon by treatment with acetic acid and ether. This also 
failed to yield even a trace of the substance sought. 

The supposition that this sediment is hsematin will, therefore, 
have to be abandoned, although some of the reactions given further 
on would point to a body of this nature. 

Subjecting the blood-carbon to treatment with twenty times its 
volume of 75 per cent, alcohol, and subsequent addition of barium 
hydrate — a repetition of the conditions of the experiment, but in 
the absence of the raflinose syrup — also failed to produce the col- 
ored sediment, thus proving that these reagents alone could not 
have given rise to its existence. 

Various reagents were tried in the attempt to find a solvent for 
the sediment. It was found to be : 

Soluble in hydrochloric acid, concentrated. 

Soluble in nitric acid, concentrated. 

Soluble in sulphuric acid, concentrated. 
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Insoluble in acetic acid, concentrated. 
Insoluble in turpentine. 
Insoluble in ethyl alcohol. 
Insoluble in methyl alcohol. 
Insoluble in water. 

Insoluble in sucrose solution, concentrated. 
Insoluble in ether. 

Insoluble in amnionic hydrate, concentrated. 

A test made with a hydrochloric acid solution of the sediment 
showed it to be inactive to polarized light. 

On burning some of the substance on platinum foil a small resi- 
due remained ; this gave a distinct reaction for iron, an impurity 
introduced by die barium hydrate which had been used for neu- 
tralization. 

Tests made on the hydrochloric acid solution of the sediment 
proved the presence of barium and iron, and the absence of cal- 
cium, potassium and sodium. 

In the absence of data obtained by ultimate analysis it would be 
idle to speculate on the nature of this substance, remarkable for 
its fluorescence and brilliant color. As, however, its properties 
seem to differ from those of any body known to occur in saccha- 
rine solutions, it seems permissible to assume, that it is either some 
substance hitherto entirely unknown, or else a new derivative or 
compound of raffinose. 



THE WIND PROBLEM IN GUNNERY. 

Bv LIEUT, JOHN W. RUCKMAN, U.S.A. 
(Continued from Vol. XI., p. 328.) 

Part II, 

AiialytUal Investigation. 

The preceding pages have been devoted to showing the incon- 
sistencies of current theories and their inefHcacy to explain the 
deviating effect of wind on a moving projectile. The following 
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pa<;es will be occupied in Investigating and discussing the problem 
from an entirely difTerent standpoint In this discussion wind- 
pressure does not appear, and the writer does not hesitate to assert 

that the wind cannot produce side pressure on a moving projectile. 
1 iial IS, pressure as would appear upon the side of the projectile 
if at rest. 

Before pointy directly to the effect of wind upon a tnoving pro- 
jectile, a feu familiar examples will jllii«;trate aiul simplify the sub- 
ject and help to introduce it. Let us take the case where rain is 
falhng straight downward. We all know that if wc run rapidly 
through it, the drops will strike us from in front and downward. 
No drops can then strike us directly from above. The inclination 
to the front will depend upon our own rate of speed, and could 
we move so fast that our own motion would be great compared to 
that of the falling drops, they would strike us almost directly in 
front. 

The same effect may be witnessed on a ship when a wind is 
blowing across her course. A pennant attached to her mast as- 
sumes a position which does not coincide with the direction of the 
wind nor with that of the ship's motion, but takes up a direction 
which is the resultant of the wind's velocity and the apparent 
backward motion of the ait. 

A similar effect in astronomy is known as the aberration of 
light. The light wave from a heavenly body advances toward the 
earth at the rate of 185,000 miles per second. The earth's orbital 
velocity, though small compared to that of li^ht. is still appreci- 
able. An eye moving with the earth cannot recei\ e the direct ray 
from the star, but must receive the light from a point in the light 
wave slightly in advance of the earth. This point will be found 
on the resultant of the velccitv of liidit and the relative backward 
motion of the luminous undulations in front, The backward 
motion is equal to the earth's orbital velocity. 

Were the velocities of the earth and light interchanged the star 
would be displaced nearly 90°. 

Now, what takes place in the preceding examples is similar to 
what must take place with the air^s side motion when taken in 
conjunction with the forward motion of a projectile in flight. 

The wind has a velocity ^« and is blowing obliquely to the 
plane of fire. Let the angle it makes with this plane be denoted 
by K The air, therefore, has a proper motion of its own and the 
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particles impinge upon the projectile with a velocity V,, At any 
point in the trajectory the air will also be impinging upon the 
projectile directly in front with a velocity equal to that in the pro- 
jectile. Thus we see that the air has two motions : the one rela- 
tive and in the direction opposite to that of the projectile, the 
other along the direction of the wind. 

These two distinct velocities are the components of a resultant 
velocity' of impingement* 

This resultant velocity is easily determined. Construct a paraU 
lelograni upon the two component velocities of impingement. 
The diaj^unal of this figure gives the intensity and direction of the 
resultant. The resultatU resistance to the projectile's motion acts 
along this line, and is consequently oblique to the line of the pro- 
jectile s motion. The angle between the direction of the projec- 
tile s motion and the resultant resistance is here called '* the obli- 
quity of the resultant." 

Thus disregarding all reactions of the particles among them- 
selves, we consider the air as a moving fluid which impinges upon 
the projectile along a certain line and with a de5nite resultant 
velocity. 

The oblique resultant velocity and resistance briefly express the 
theory whose development and elucidation will now be given. 

Taking this brief statement as the fundamental principle, we 
shall discuss the problem analytically and deduce the laws which 
result therefrom, and shall point out the method of applying them 
practically to the problem now before us. 

Denote the projectiles remaining velocity by v and resultant 
velocity by and we obtain from the parallelogram of velocities 

/ \= V\l, 2v i\ COS o. Cos S will be positive when the 

wind's direction falls in the first or fourth (juadr.ial, and negative 
when it falls in the other two. The resultant resistance being ob- 
lique to the projectile's motion has a component perpendicular to 
its path which constantly acts as a deviating force. It is clear 
that under the action of this component the projectile must depart 
more and more from the plane of fire. 

In order to express the different iiuantities mathematimlly, let 
R be the general expression for the resistance and A\,, ^3, 

. . . . the mean resistances over the 1st, 2d, 3d nth hun- 

dred yards respectively. 
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Denotin«r the angle of obliquity by s?, then f^^ 9t»^i * • ' • fm will 
correspond lt> R.,. R,, .... R„ ... . 

In ? i^. 2 construct parallelograms of resultant velocities at 
By, B^, B^ . . . etc. The sides of the parallelograms are the corre- 
sponding remaining velocities of the projectile and the constant 
velocity of the wind. 

At B2 the following relations are easily obtained : R^ cos (90° — 
fj) = D.^, and D,^ cos = F^=. the deviating compo* 
nent at B^ Again, cos (90® — ft) ^ Vt* = ^'^^ ^1 H 

Sin f , cos ip^=i'^ sin 2f „ and yi R^sim f ^ 

At B^ similarly P^^}i R^dn 2 f„ and generally P=%R 
sin 2 

Now, as the wind is invariable in direction, and as P is con- 
stantly moving the projectile away from the plane of fire, the pro- 

Fio. 2. 




jectile, always moving tangentially to its trajectory, will be gradu- 
ally changing its direction with respect to that of the wind. 

Thus, if the wind be blowing perpendicularly to the plane of 
fire, the projectile's motion will soon make a small angle with that 
plane and ^ will no longer be 90^. 

Although this does actually take place in practice, the change 
will always be so small that it may be neglected ; for the range 
must always be great compared to the deviation, and the angular 
departure will be small. At a range of 3500 yards, 150 yards 
deviation will give an angular change of J° 30'. VVc know from 
experience that for the 1 5-inch solid shot not less than a sixty-mile 
wind, blowing directly across the ranc^e, would he required to i,M\e 
a 150 yard deviation. In such a wind the a[)j)arent angular chan«;e 
in the wind's direction will not he more than 2' 30'. Now, let us 
see how much such a change will affect the deviatini^ component 
of the wind's velocity. To do this we have only to multiply 60 
by the cosine of 2° 30', or 60 X O.99905 = 59>945 miles. This 
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dilTers from 60 by 0.057 ^ vcixX^, a quantity probably less than 
the ordinary anemometer will register. 

As the wind's velocity decreases the error will be less iiv the 
same proportion, and also from the cosine of the change being 
nearer unity. For a thirty-mile wind, blowing as above, let us as- 
sume 75 yards deviation, giving i** 15' change; then 30 X 0.99976 
= 29,9928 miles deviating component. 

When the wind's direction falls close to the plane of fire changes 
are of greatest importance, but in such cases the deviations 
will always be small and the angular change almost nothing. 

These illustrations show conclusively that in the following dis- 
cussion the projectile may, without material error, be considered 
as always moving in, or parallel to, the plane of fire. 

The obliquity of the resultant will, therefore, be foand under the 
supposition th it the wind's direction remains unclianged during 
the flight of tlic piojectile. 

AlthoiiL;Ii the angular change just mentioned does not appreci- 
ably aitect the obliquity of the resultant, there ?x a cause which 
constantl)' clianges its value. From the parallelogram of veloci- 
ties, I' ig. 3 : 

sin ^ 

&n fp = ^ -|- Vl-^ zv cos 3, or the deviating compo- 
nent of the wind's velocity divided by the resultant velocity. In 
this value of the sin v is the only variable. During the flight 
V continually decreases, and f and sin ^ continually increase. The 




resulting resistance, being a function of some {jower of / \, will 
decrease with V. Thus, we see that while the resultant resistance 
is rapidly decrcasini,'^ with 'V, the angle of obliquity is incrca'^ing. 
The deviating component is always varying with the product of 
the two. 

For all values of with modern guns, sin f will be very small. 
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For example, iii a sixty-mile wind, mak'ing a right angle with the 
plane of fire, the deviating veloc;l> of the wind is 88 feet. This 
deviating velocity, taken with a reniainin^f resuhant velocity of 880 
feet, gives sin ^ = oa. When the wnid makes an angle of 45' 
with the plane of fire cos 3 and sin 3 are each equal to 88 
X 0.7071 1 = 62.23 f*^ct. 

Takinf^ 7> at 1000, when the wind blows into the first or fourth 
quadrant, sin of <f = 0.0585. \\ lien in the other quadrants, two 
and three, si^/ c — 0.0662$. It will be observed that both these 
values are less than O.I. We will, therefore, take o.i as the supe- 
rior limit for sui <p. 

Referring to a table of natural sines, we find that sin 5° 44' is 
0.09< )90. or about 0.1. The sine of double this angle {sin 1 1° 28') 
is 0.198S0. Then half this, or O.OrjOx^o, is ]4 ^i*' 2 (5° 44'). 
Now, 0.09990 — .09940 is equal to 0.000$. In this extreme case 
wc see that sin tr and ^ sine of twice tf differ only by 0.0005. It 
is, therefore, plain that for all values of y and sin *f, with which 
wc have to tieal in practice, sin <p may be substituted for ^ sin 2 f 
without appreciable error. 

Making this substitution in F = ^ R sin 2 f we have P= 

V sin 3 

R Sin 0 = R I , . r>i^~ ~ rr V the force which con- 



stantly carries the projectile away from the plane of fire. 

Since the resultant resistance acts along the line of resultant 
velocity, and since the inclination of this line can always be deter- 
mined, the retarding and deviating forces can easily be computed. 
Ingalls' Exterior Ballistics gives the following formulas (Mayev- 
ski's) for the resistance to a spherical projectile. For velocities 

greater than 1233 feet R = ^ ' - • t/* in which the logarithm of 

is 6.3088473 — 10; C=y • In these expressions = 

standard density of air; 1) = density at time of experiment; w = 
weight of projectile in pounds; d := diameter of projectile in inches; 
and c for spherical projectiles is equal to unity ; ^ = 33.16; and v 
is the remaining velocity in the projectile. 

For velocities less than 1233 feet JR is equal to 

Aw/ . , 

t 7 0 + ?)*' 
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in which log A= 5.6029333 — 10; aiid rs=: 610.25 feet; other 
quantities same as above. 

To adapt these formulas to the computation of the resistance 
when the wind enters the problem, it is only necessary to substi- 
tute Vu= ^ «^ + ^ -¥ 2 V cos a ior V, 

Making this substitution in the above formulas and multiplying 
R by sin f , we have ; 

A zu 

Rsin <p= Vr V„sin i for velocities above 1233 feet, 
^ S 

and Rsin <p = P=^'i-'^ (i -h- * ) ^s. VmStn 9 for velocities be- 
low 1233 feet. 

From Fi{^^ 3 we have ccs^ = ^ ^'^^ ^ , and for the rctard- 

ing force we have R cos if =. ^ — (r -|- cos «), and 

Rcos<f = 2 ^ ^''^^'"^ y.cos,^) 

for velocities greater and less than 1233 feet, respectively. 

The formulas are quite similar. The difference between those 
giving the deviating and the retarding forces is that the last fac- 
tors in each case are the deviating and retarding component ve- 
locities of the resultant velocity. 

It will be noted that F^JuvJis also the deviating component 
of the wind's velocity. 

So iar theory has been adhered to closely, which indeed was 
necessary to thorou^^hly elucidate the subject. In some cases 
many minor considerations may be neglected. The application 
of the preceding; discussion to the example taken in Part I. will 
illustrate the value of this investigation. 

It is to be regretted that the data given in Ordnance Note 191 
are not sufficiently complete to allow a careful solution by the 
method just outlined. 

Perhaps the best we can do now is to take the same gun and 
projectile fired under the present conditions. The charge for this 
gun (15-in. S. H.) is now 130 pounds of sphero-hexagonal powder 
giving an initial velocity of 1 706 feet. Let us take the wind the 
same as in Part I. ; Elevation 5*^ ; Range 3000 yds. 

Let the range be divided into thirty equal parts, and the remain- 

VOL. XII.— 4 
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inr,' \ clocitics arui the time? of flight corrc.sp<indiii[^ to each of these 
divisions be determined. The mean remaining velocity over any 
section is taken as the mean of the velocities at the extremities:. 

Knowing the mean remaining \ e!ocities at the middle points of 
the sections and the direction of tlie wind at each of these points 
the corrcsj)onding resultant velocities and resistances are easily 
constructed. Lay off from the mi(!dlc point of each section its 
mean remaining velocits' in the direction of the projectile's motion, 
and through the extremity of this line draw a line parallel and 
contrary to the wind's direction, and on this line lay off the wind's 
\ elocity. The diagonal joining the extremities of these two dis- 
tances gives the resultant velocity. These diagonals intersecting 
consecutively form an envelope which shows the direction of the 
resultant resistance for any point. From any point in the range 
draw a tangent to this curve and it gives the required direction. 

We are now prepared to compute the ord-nat t s of the wind 
curve. In order to do so the deviating force for the middle point 
of each hundred yards is determined. These pressures are found 
under tlv supposition that the mean velocities obtain during the 
projectile s sliort passage over the corresponding sections. The 
values of /'found in this manner are assumed constant while act- 
ing during the times and over the spaces just mentioned. The 
deviations are in this manner integrated mechanically. 

Tlie wind velocity denoted by is 14.667 feet per second. 

Let us assume the following notation: 
V. != 1706, initial velocity. 

Vx%*tV^ , . . r., the remaining velocTti ^ at 1st, 2d, jd 
. . . , and nth hundred yards respectively. 

Pi, /^s, . . . . A, the deviating forces over the parts just 
mentioned. 

^,1 T^, the times of flight corresponding to 

Vi,V»Vt, .... 7„. 

fitfiffg* .... /„, the intervals of time in which the projectile 

passes the sections corresponding to their subscripts. 
Wt ' ^> deviating velocities impressed upon 

the projectile in the times /|. etc. 

^1, ^2. ^3 corresponding spaces. 

y\.V\J", r\ and 5,. 5,. .S^ .... 5,. the 

total side velocities and spaces deviated in the times 7*,, /j, 7*, 

• • * • 7*. 
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From the nature of this notation A = 7j ; /| + 4 + ^ > 

; etc. 

t/.= ^',=2/,+ V^^V*,, v\+ V^t^ F^..etc. 

ft — 5, ; J, + J, =5, if 5i = 5;; + 5, = ^, etc. 
Resuming the equation, 

C g si 

Since d = 90®, ^ will be unity and eosissso; hence 

C ^ si 

Assuming a low remaining value for v, say 1000, the radical 
becomes 



locxj)' H- (14.667/ = ^1000215 = icoo,io. 

From this it appears that for the small velocity of f === 1000 
feet, the radical expression difiers from 2f by a quantity so small 
that it can be neglected without materially affecting the result, 

and we may write v forJi»'+ in the value of P, This sub- 

stitution gives the formula P= ^v, V^, A simple calcula- 
tion will now give the values of ^„ /J . . . , Z*^. These 

are found to be 54*52; 55.51; 52.54; 9.41 pounds 

respectively. 

Having the values of the deviating forces at the diflerent points 
above mentioned, the values of and s are easily calculated from 
P P ^ 

■jjt^v't and j^*-^ Following this method and making the 

necessary computations for 3000 yards, the total deviation is 
found to be 54.264 feet, or. i8.o58 yards; giving a coefficient of 
1.81 yards. 

Having found this deviation for a ten-mile wind, it maybe inter- 

esting to use it in the formula j^'^' =^ <^ai» = S4-^^4* deter- 
mine the value of Thus doing, P^^ is found to be 25.2 pounds, 
and is the constant force which, acting for 8.125 seconds, will de- 
viate the shot 18,088 yards. It may be remarked, also, that the 

mean of the thirty values, /*„ P^ P^ is 20.42 pounds, or 

about three pounds less than 23.2. The correct deviation is there- 
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fore greater than that (15^5 yards) produced by the mean 20.42 
pounds acting for the same time. This is the necessary result of 
the greater forces acting first, and impressing the greatest side 
velocities on the projectile at the start, theaeffect of which is con- 
served throughout the flight. 

It is also worthy of note that the mean of and is 22.15 
pounds, and as a constant force during flight corresponds to 51.88 
feet or 17.3 yards. 

The value of 7/ for each hundred yards at the beginning is 
about 0.44 of a foot, but after about say a thousand yards, it de- 
creases until at the 30th hundred yards the value of is about 
0.24 feet. The total value of the side velocity is 1 0.8 feet. Com* 
putation shows that at 4000 yards the projectile has a side velo- 
city of 13 feet, and at 5000 yards a velocity about the same as 
that of the wind. After this the side velocit) goes on slowly 
increasing. 

The computation of deviations by the method just described 
requires great labor. 

This method of computing them elucidates clearly the theory 
and successive action of the wind and its eflect upon the projectile, 
but a much easier and better method can be applied in the calcu- 
lation of the tables requisite to give this discussion practical value. 

It will be observed that the greater the value of v in the expres- 
sion for the sine of y the smaller ^ becomes. For the remainini; 
velocity with which modern projectiles move (especially rifle pro- 
jectiles) f and sin if must be sinall, and cos v" differ little Ironi 
unity. R cos c, except in vei"\' iii^;!! wind> and low remaining 
velocities, will he seiisil^ly etpial to A*. Therefore, the retardation 
in velocity in passini^ over a short interval of space will be the 
direct measure tor tiic effect of the resultant resistance over that 
distance. lO iiiui the deviating velocity impressed w iiile the pro- 
jectile is j)assuiL; o\cr the same space, it is only necessary to mul- 
tiply the retardations tuund in the tiring tables by sin if. The sum 
of these partial velocities will give the total deviating velocity. If 
for any reason it may be desirable to be absolutely accurate, we 
must multii)ly the retaidations by tatt c. To obtain the space 
described or value ot .V tor any section, we have only to take the 
mean of side velocities at the extremes of the section and 

multipl)- it b\- the time of passa;4e. The sum of all these dilTer- 
ential spaces gives the total deviation. 
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This is an elet^ant mctlioci of computing the projectile's deflec- 
tion from the plane of fire. The practical effect is to make the 
projectile's deviation vary with its retardation. 

Having giVen the preceding ex[)lanation of the theory advanced 
in this paper, we are now prepared to deduce some very interest- 
ing and important conclusions relating to the wind's effect upon the 
flight of a projectile. 



is the general equation for the value of the deviating component. 
As cos ^ will be positive when the wind strikes the projectile any- 
where on its front, i.^.* striking it in the first or fourth^ quadrant, 
the value of the radical will be greater than it would be for v alone. 
When the wind blows upon the projectile from behind or strikes 
it in the second or third quadrant — except when rj — or > 2 
cos or when V^ — ox > 2 v cos o. the radical will be less than 
for V alone. ^i*^ ^ for a given wind will be constant. It is 
clear, therefore. ti>at the dcviatin^r forces are slightly affected in !c- 
pendently of the deviating component of the velocity, and that the 
deviatin"^ fore*' will be greater when the wind has a retardini; com- 
ponent tiian when it has an accelerating one of the same inten- 
sity. It is also clear that the deviating force will increase more 
rapidly than the wind's deviating component for winds with retard- 
ing components, and less rapidly than the component for winds 
with accelerating ones. The effect of tlic terms in the radical will 
never be great cxccy^t for enormously high winds. Vox low winds, 
as in the example just considered, where the radical differs tnap- 

A w 

prcciably from /'will be = ^ ^ v V^sin d. 

In this equation P varies directly with sin it, the deviating 

P <Ps 

component of Now expresses the relation between 

the variable force Pand the acceleration impressed upon the mass 
Af, From this we see that the acceleration for the same mass .vitl 
vary directly with the value of P, Therefore, as P varies the ac- 
celeration of the projectile side wise varies directly with it. Accel- 
eration being the velocity impressed in a unit of time, it follows 
that the spaces described must vary directly with acceleration and 
the accelerating force. 

Thus, it follows that for all cases to which P= ^- ^. ^ ^ ^ 



Digitized by Google 



54 



2 HE QUARTERLY, 



applies, the pressure and deviations will vary directly with 
Then^fon*. if T „ increases to twice its original value, the deviation 
will be (i )iil)led. From this we obtain the rule that in moder- 
ate values for deviation varies directly with the velocity of the 
wind. 

Now, passing on to higher winds, since» as just shown, the devi- 
ating force for head winds increases more rapidly than the velocity, 
deviation must follow the same taws, and for all winds with accel- 
erating components the converse is true. 

These deductions are independent of any increase or decrease 
in the time of flight. 

The law .that deviations are proportional to the wind's velocity, 
thoup^h not theoretically true \n any case, will apply practically 
whenever tan c may be substituted for sin c without appreciable 
error. It is hiijhiy proI),iljlc that all deviations follow this law so 
closel)- thai no variation fruni it w ill be sensible in practice. 

Thf Fish -fail IVifnt — By this wc mean a wind whose capri- 
ciousl)' \arvin<^ direction makes at any instant but a small anj^le 
with tlic plane uf fire, chanj^in^:^ constantl)' and quickly from one 
side to the other, as does a hsh's tail in swimming. 

Without doubt this is the most troublesome wind to riflemen 
and gunners. In such a wind it is almost impossible to obtain 
uniform results. The extreme changeability of its direction 
causes these well-known irregularities, but so far it never has 
been very clear why a change of a few degrees, when '* is small, 
should be so important, while the same change when ^ is large is 
comparatively unimportant. 

This apparent anomaly is clearly accounted for by the preced- 
ing theory, and is explained by the following considerations. We 
have seen that deviations vary almost directly with sin 9, Now, 
if V be constant and 9 be variable, as in the case of the fish-tail 
wind, the greatest change in the sin 9, for equal increments or 
decrements of take place when i is near o° or i8o^, or when 
the wind's direction is nearly coincident with the plane of fire. A 
few degrees change in fi, under such circumstances, will fully 
account for the apparent eccentricities of the shots. 

A simple cx.iHijiie will illustrate this. 

In Fig. 4, AT represents the range. A is tlie position of the 
gun and 7~of the tnr^t t. Let y^ 7" he- three thousand yards. Let 
\VA show the direction of the wind making an angle of io° with 
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the plane of fire Let be 25 miles an hour. Then 25 X sin 
10° = 25 X 0.17365 = 4. (deviating component. As shown, 
the coefficient for the 15 -inch i;un is 1.8 yards at 3000 yards 
range. Then 4.341 X 1.8 = 7.81 yards for the wind allovvance, 
to the right. If, just after the gun is aimed and before it is fired 
the wind should change to ^\\A, making an angle of 5° witli AT, 
the wind allowance during flight should be only 25 X 0.08718 X 



1,8 = 3.92 yards. The projectile must then fall 7.81 - 3.92 = 3.89 
yards to the right of the target. 

In aiming for the second shot suppose the wind be at A\V^, 
The correct allowance is then 3.92 yards to the right. After aim- 
ing and before firing let the wind shift to A W^, making an angle 
of 10^ on the other side. The gun being aimed 5.92 yards to the 
rights and the changed wind deviating the shot still other 7.S1 
yards, the shot will strike 1 1*73 yards to the right of T» 

On the other hand, if the wind's general, or average, direction 
be nearly perpendicular to the plane of 6re. small changes in 9 
cause scarcely any change in the deviation. Suppose d = 80^ and 
suddenly becomes 85°, the effect upon deviation, for the same wind 
as before, is only 0.5 of a yard. In the case just cited above, the 
same an^^ular change caused a deviation of almost 4 yards. A 
change of the wind from 85° to 90° would give a dilTeience o^ 
about o. 1 7 of .1 yard. 

We see from this that as the wind blows more nearly perpen- 
dicularly to tlic plane of fire, rh<' less effect will stnall angular 
changes ha\'c upon the deviation. Small changes near the perpen- 
dicular may he neglected, but when the wind is nearly parallel to 
the plane of fire these changes are of great importance. 



Fig. 4. 
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Before concluding this paper a brief comparison of the coefficient, 
1.8 1, with the coefficient determined at Fort Monroe, may be in- 
teresting. Since the conditions are not the same we cannot ex« 
pcct the same results, but there exist-^ a certain ' M-ment between 
them. Inasmuch as the initial and .remaining velocities for these 
experiments are not given, our comparison will not have the weight 
it should have. One marked difference in the circumstances of 
fire is the time of flight. In the experiment it was 10.83 seconds ; 
in the computations resulting in the coefficient 1.8 1 it is 8.125 
seconds. In the former the density of the air is represented by 
0.93/, in the latter by " unity." These, with other less important 
differences in the two cases, render exact agreement impossible. 

From the range, 3103 yards, and the mean elevation of 8^ 43' 
the initial velocity was found by trial to be 1370 feet, and the re- 
maining velocity at that range to be 741. i feet. From these ve- 
locities the time of flight was computed and found to be 9.898 
seconds. Having obtained these from the data given in Ordnance 
Note 191, we may make an approximate comparison betyireen the 
two examples. 

We find, by following the approximate method illustrated above, 
that the mean of the deviating pressures at the extremities of the 
trajectory is 16.39 pounds. This force considered constant and 
acting on the projectile for 9.898 seconds gives a deviation of 18 99 
yards. 

For the observed time of flight this force gives 22.73 yards. 
When the initial velocity is 1706 feet, we find for same range and 
atmospheric conditions that the mean of the extreme deviating 
forces is 20 89 pounds. These pounds acting during 8 41 seconds 
as a constant force give a deviation of 17.05 yards. The true 
deviation for these atmospheric conditions would be 18.117 yards. 

Now, since the approximate method gives about i yard less than 
the true one, we may reasonably infer that in the other case 18.99 
is also a yard less than the correct value ; therefore, 20 yards is not 
far from the total deviation in a ten-mile wind, nor 2 yards far from 
the correct coefficient. 

So far as this ct>mparison goes it confirms the preceding theory, 
but it is lot) indefinite to be of special value. 

The most important facts connected with lateral dev iation being 
tliiis l)rou;^ht nut. without extending the investigation farther, let 
us pass to the most important conclusions. 
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I. The lateral deviation of a projectile under the action of a side 
wind is not the result of wind-pressure, but of a kind of drifting 
motion, caused by a developed oblique resultant resistance. 

3. Deviation is a ballistic problet) and must be solved as any 
problem in exterior ballistics. 

3. Deviation is a function of the remaining velocity of the pro- 
jectile ; any circumstances affecting this velocity changes the de- 
viation. 

4. D< \ iation is a function of the time of (light, and increases 
raoidl) as the time increr\s(.;s. 

5. For moderate winds, deviati'Mi varies directly with tlie wind's 
velocity : and in general, when the tanc^ent of c nrw be substituted 
for the .<'fu- of c u ithout aj^preciable error, this law obtains. 

6. In high winds, independent of nny chan^jc in time of flight, 
deviation is greater for winds that retard than for those which ac- 
celerate; and in the former, deviation increases more rapidly, and 
in the latter less rapidly than tlie wind's velocity. 

7. When the wind's direction falls near the pl^neof fire, changes 
in i are of greatest importance, and cause irregular results. 

8. Other things being equal, deviation varies inversely as the 
weight of the projectile. 

9. Deviation varies almost exactly with retardation of the pro* 
jectile's velocity. 

lOu Deviating components of the wind's velocity increase the 
resistance and time of fliglu. This results from the projectile being 
forced to follow a horizontal curve, which is a path of greater re- 
sistance than a plane curve. Gravity affects the projectile's flight 
in the same way, but in a greater degree, giving the projectile a 
curved instead of a straight path. As, f)n account of gr.ivity, we 
must aim a!)Ove the objert, so, on account of the wind, we must 
aim to ^^ indward to strike it. 

For siiTiphcity the spherical projectile has l)een taken to ilhistrate 
this subject, but the deiluced resuhs aj)j)Iy to all kinds of projec- 
tiles; in<lced, to all bodies movinLC ''^ fluid itself in motion. 

The discussion in this paper is occupied almost exclusively with 
lateral deviation. 

The effect of the wind upon the projectile's velocity and range 
is also involved in this investigation. The longitudinal effect is 
not less interesting or important than the lateral, and is reserved 
for future development. 
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The theory accouats for all tha w^U-eitablUhed facts connectei 
with the wind's influence upon a movlnor projectile, and predicts 
others which will probably be confirmed by careful experiment 

It is to be hoped that the needful experiments will soon be made, 
for whatever may be the promise of a theory, a satisfactory cor- 
firmation of its conclusions caii only be reached by trial. We 
cannot overestimate the beneficial and economic results that would 
follow an early settlement of this subject. 
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[AnaI Y I ICAL ChEMISTKV, BY E. W AI LER ] 

New Af'hii.mci- for De^rction of Hv frotarhons and other Combustible 

(f',/us lohen in Aiiniixture with thi' Atmosf/wrf. 

Tliis pernliar form ot ga^^-testing ;i|)paratiis is intended rlnefly for 
the detection of suspected escapes of coal-gas when in cuuiincii spaces, 
such, for instance, as private houses, laboratories, etc. 

If asbestos (for convenience sake in the form of yarn ) lie introduced 
into a solution of platinic chloride, and, after drying, ignited in a closed 
(Tiirilile, the stib^tanre, as is well known, has conferred upon it the 
proiHrrly of condensing gases upon its surface, due to the impregnation 
of what is known as platinum black. This method of rendering as- 
bestos sensitive is, however, attended with several inconveniences, both 
on account of the disengngenient of acid during ignition, thus render- 
ing the texture rotten, and at the si^nv* time retarding surface-action by 
the formation of magnesium salts. The writer has substituted with aii- 
vantage for the chloride that of platinic oxalate, and by so doing h;is 
obtained a modified action of peculiar sensitiveness. This componnd 
is readily procured by saturating asbestos yarn of finest quality with a 
strong solution of ]»l,itinic oxalate, obtained by dissolving the hydrate of 
that metal in oxalic acid and, after drying, igniting the same in a por- 
celain crucible. If a sample of so-prepared asbestos be now introduced 
into a mixture of hydrogen and oxygen gases^combination at once takes 




place, arrompanied l)y the usual phenomenon ; but if the said mixture 
l>c now repla* cd by one of coal-gas and oxygen, no action results. 
Withdraw now the sensitive wick and heat to 80° F. and replace the 
same in the mixture, the wick is quickly raised to incandescence, and 
continues as long as the slightest mixture of gas remains; so sensitive, 
in fact, is the reaction that 0.5 per cent., by volume of coal«gas or other 
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hydrocarbons, when in admixture with the atmosphere, is at once 
readily detected. 

The figure on page 59, representing a section of the apparatus when in 

use, will perhaps serve to more dearly demonstrate the same, a serving 
as the basis or reservoir of the lamp, and containing petroleum spirit, 
which is employed as a fuel for the same, and surmounted by a gallery 
running round the upper part and pierced with two apertures at b b, in- 
tended to collect the air desired when applying tlu- < himney. c In 
iisinfi the apparatus the wit k, r onsi-vtin^ of platinized asbestos, is first 
inserted in its holder and a lit:ht ai»plicd to the same. The flame caused 
by the combustion of the petroleum spirit may be now conveniently ex- 
tingished, leaving the uppermost part of the wick red-hot, which con- 
tinues to glow while any petroleum spirit remains in the reservoir. 
While the wick is still glowinp^ there is placed over it the copper thim- 
, ble, D, which is perforated with numerous small holes, and containing a 
further coil of platinized asbestos, e, in close proximity. 

The reaction may thus be readily explained : The heated asbestos, 
fed by the i)etroleum spirit, naturally produces sufficient heat to main- 
tain the secondary coil at f to a temperature required for produ( ing 
effects when in contact with hydrocarbons. If the so-prepared lamp be 
now introduced into a room where an explosive atmosphere is prevalent, 
the glass c liimney at once samples the atmos])here by causing an up- 
ward draiiuht. the w hirls, passing over the heated roil iminediatcly raises 
tliesarae to incandescence. — H. N.Warren, in Chemical NewSt]w^ 13* 
1890. 

Iwpitrity in Hydrodisodic Phosphate. Schlagdenhauffen ( J. Pharm, 
[5] xxi., 99). A soluble magne'^inm ])h »s[)hate has been fotmd 
impurity. The solution of the salt mixe<l with NH^Cl and NH^OH 
should be allowed to stand 24 hours before using. 

Impurity in Nitric Acid. Huxley fC/z/'w. Nnvs^\\\.^ 289^ Sulphates 
were found to be present, derived from the bottles in which the acid 
was supplied. In the particular case cited, the greenish glass bottles 
contaminated the acid, whereas the bluish glass bottles did not. 

Purification of Sulphuric Acid (or use in the Kjeldahl process. Morits. 
f /. S. C. /., ix.. 4 }'?.'^ Tlie method of dii,'estion with a small amoimt 
of potassium nitrite has been adversely criticized by Prof. Limge. Ex- 
periments are quoted to show that whatever compounds may be formed, 
acid treated in this manner introduces no error when applied in the 
Kjeldahl process. 

Jodometric Acidimetry and Aikalimetrx. (iroeger {Berichte, xxiii. 
1 401"). The reaction involved is: KIO, -I- 5KI -f 3H,SO, = .^K,SO, 
-|-3H,0+I^ The solutions used are: Tenth normal thio-snlphate ; 
tenth normal snlj)htrri( acid, and a neutral solution ofKT + KIO.,. On 
adding a known amount of the sul|)liuric acid fsnttic ient to make the 
solution decidedly acid) the excess may be titrated by the use of the 
iodide-iodate solution and the standard thio-sulphate solution. Acids 
may be titrated directly. 
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Aluminum in CoDitnercial Aluminum. Klemp {Fres. Zts. Anal, 
Cfwm., xxix.. 3SS). About i g. of the finely divided sample, is treated 
with strong potash solution (35 gms. in 100 r.c. )»a little water is added 
and then some vaseline (o prevent frothing. The evolved hydrogen is 
burned to water in a Fresenius apparatus, and the water absorbed in 
concentrated H,SO« and weighed. The operation can be finished in 
about 45 minutes. 

Aiuminum in Iron and Steel. Phillips {Ckem. News^ Ixi., 313). Dis* 
solve 10 gms. in 50C.C. HCl with 30 c.c. HNO,. When dissolved, add 
5 c.c. Na, TIIX ), I saturated selutitjii ) and 100 c.c. water. Neutralize 
free ar id wuh NH^OH, add iliUitc IlCl until the solution is clrar, then 
^TtT .? iT.i-. strong HCl. Follow this wiiii 50 c.c saturated suliuion 
of " hypo,'* cover and boil one hour. Filter, wash well with hot water, 
rinse the residue from the filter into the beaker in which it was boiled, 
and dissolve in too r.r. of 10 ]>t*r cent. HCl. Boil and filter off sul- 
phur. Evaporate filtrate to 5 c.c, rinse into platinum dish, neutralize 
with pure Na OH (made froui sodium) and add 2 gm-,. NaOH in excess. 
Boil half an hour. Dilute and filter off iron, wash and acidify mixed 
filtrate and washings with HCl, precipitate A! P()„ etc., with ammonia. 
Redissolve in HCl, evaporate to dryness for Si( ) , take tip with dilate 
HCl, filler, add a 5 c.c. ammonia phosphate NH^OH and x little am- 
monia acetate. Boil 30 minutes, filter and wash with diluted ammonia 
phosphate, ignite and weigh AIPO4 which contains 22.358 per cent Al. 
The process can be rnrried through in six hours. In effect it is a modi* 
fication of tliat ot Stead {vide Quarterly ^ xi., 273). 

Rapid Determinatian of Manganese in slags, ores, etc. Myhlerz 
ijour, Analyt, Chem., iv., 267). Fuse 0.5 grm. after thorough 

niixincr with 5 gms. of a niixtiiu' of 3 l art-; NaoCO, and r pirt K\0,. 
Maintain the temperature only at such a point as suffices to el fee t (pnet 
fusion. Cool, pour on boiling water to disintegrate the mass, and then 
add 3 C.C. alcohol to convert all the Mn to the form of Mn6,. Filter 
and wash to remove nitrates. Rinse the precijiitatc back into the cas- 
serole in which the water treatment was made, (in whirh should remain 
the crucible and cover wiili any adhering MnO,). Then add 100 c.c. of 
a standard FeSO, solution, stir until completely dissolved, and titrate 
the excess of ferrous salt remaining with dichromate. The anioiint of 
dichromate ^^ohition rendered unnecessary is the measure of the MnO^ 
(or Mn) present. 

Volumetric for Manganese. Vortmann {Ber,^ xxiii., sr8o). Man- 

ganous salt m alkaline solution are converted by iodine solution into 
MnO,. Without any addtjion 1.84 to 1.S6 atoms I instead of exactly 
2. et'feci the change completely ; however, on addiug an AljO^ or 
FcjU, salt, exactly 2 atoms of I are used. Hence the author adds 2 to 
3 times as much potash alum, as there is Mn salt present, then a 
known amount of tenth normal iudiuc solution, and pure soda lye, 
heats on the wati r-bath for 5 to 10 niiiintt's. cools aufl ddutes to a 
known volume, fdtcrs an alujuot portion through a dry filter, acidifies 
and titrates with hypo. The method is unsatisfactory in presence of 
ammonium salts. 
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Zinc in Presence of Iron and Manganese. Riban ( C. Rend, ex., 1 196). 
{I'ide previous abstract Qtiartcrly). Dilute until the solution contains 
at most 0.1 gm. Zn per 100 c.c. Add Na,^CO, solution until there is a 
slight i>ernianent precipitate, which should be redissolved by a few drops 
of dilute HCl. PassHjS in the cold^ then add a large excess of Na^SjOj 
solution, atul ( ontinue j-assini; H_,S. The Zn S is < oiniiletely prcripi- 
tatcd, ]Ma< ti( ally free from Fe and Mn. Allow to stand five or six 
hourb, and iticii wasii by decantaiion with liot water containing H,S. 
Pb, if present, should be previously separated. 

Zinc in Iron Ores'. V\2i\z {Stahi u. Eisen, \\. , 494). After dissolv- 
ing in HCl, and adding a little HNO,, hydrosulpnuric acid is passed 
iniu the warm solution. Any sulphides of copper, etc., which may 
form are filtered off. If, however, only S has separated, filtration is 
omitted. To the solution, saturated with H, S, acetic acid and ammonium 
acetate are added, and then ammonia, little by little, (from a btirette) 
until the precipitate remains gray, after vigorous stirring. 'I hen add 
dilute HCl, drop by drop,until it becomes white.and then carefully dilute 
ammonia until it has a very slight grayish tinge. The precipitate 
is then practically pure. 

Zinc ut its Ores. Coda {Fres. Zts.y xxix., 266). The method 
depends upon the fact that ferric iron, etc., can be separated completely 
from line in one operation, by precii)itating witli amnioniain presence 

of ammonium sulphate and a little carbonate. Dissolve 2.5 gms. ore 
in 15 to 20 c.c. aqua regia — evaporate to dryness, add 15 to 20 c.c. 
IIjSO^ and heat to fumes, — dilute, precipitate by H,S if necess;iry, bring 
the iron to the ferric form, neutralize with ammonia, then add 40 c.c. 
of ammonia containing one-fourth ammonium < arlmnate. .'Agitate, 
fool, dilute to 500 r.r., filter and take out two or three lots of 100 c.c, 
ta< h. (0.5 gm. each. ^ Dilute each lot to 250 c.c, and titrate with 
Na,S. 

Volumetric for Zinc. Blntn ( F/cs. Z/s., xxix., 271), finds that in 
ferrorvani<le titration, whether in a( id or anmioniaral solution, man- 
ganese if present, will interfere by forming ferrocyanide. 

Reduction of Arsfiiie Acid. Gooch and Browning {Am.Jmirn. ScLt 

JnK , 1S90). To the nrseniate in solution, add KI in ex ess, .ind to c.c. 
HjSO^ (1:1). Dilute to 100 c.c. and boil in a flask (with trap hung in 
the neck, until the volume is reduced to 40 c.c. Add cautiously SO, 
solution until the iodine color is just bleached out, and khen immedtaiefy 
dilute with cold water, neutralize with K,CO, finishing neutralization 
with KllCf), Cool and tifrateas usual with iodine solntion and starch. 
The read ion f(»r the reduction is found to be H,As -J- 2Hl=»H,.\s 
OjH- HjO f I„ provided the above conditions are maintained. 

Determination of Lead. Boeuf ( Ihifl .Soc. Chim. [3] iii., 852). Lead 
])hospliomolybdate contains 54 S02 per cent. Pb, and separates readily 
irom a solution which is neutral or slightly acid with acetic acid. 
The precipitation should be effected in a boiling solution, the solution 
of phosphomolybdic acid being slowly added until the yellow tint of 
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the solution indicates an excess. It is then allowed to stand a few 
minutes wlicii the precipitate stil)si(]cs rapidly. It i-- then filtered on a 
weighed filler, washed, dried at (yO u> loo'^and weighed. The |>reci])itatc 
may be rinsed nao a llask, treaitd with sulphuric at id and /inc and 
titrated as in the case of the rapid determination of phosphorus in irons. 
Iron, if preiient, should be removed by previously adding NaOH in 
excess, filtering and rendering the filtrate acid with acetic acid before 
precipitating Cu, NH^ and K may contaminate the precipitate, but 
are readily removed by washing with NH^OH. Zinc and arsenic 
interfere. The method of preventing their interference has not yet 
been devised. 

Voiutneiric for Stiver. Vitali \Chem. Ztg.^ xiv., 154). Tenth 
normal potassium ferrocyanide is used, i.e. containing 9.2 gms. of the 
salt dried at 100** to 105^ per litre. 

EUcirolyfic Separations. Smith and Frankcl {Am.Cketn. Jour. \\\., 
428;. Hg was separated from Pd in KCy solution, when an excess of 
KCy was used. 

Hg, Cd and Ag were also found to be separable from As in KCy so- 
lution, provided the arsenic form only was present. Cu was 'jeparaV>le 
from As provided a strong current was used, and no excess ot KCy. If 
NH,OH was present the deposit was spongy. 

Hg, Ag and Cd were also separable from W or from Mo in KCy so- 
Itttion. In the c ise uf Cd from W it was noted that unless a weak cur- 
rent was used, the deposit was spongy. 

Bi was separated from Cu by adding alkaline citrate and alkali, in 
sufficient quantity to keep the solution clear on addition of KCy, which 
was then added in slight excess and the solution electrolyzed. 

The strength of the current used in these experiments, except in the 
case of Cu from As, was under i c.c, O H gas per minute, 

Ettetrolytic Sefiaration €f Arsemt attd Capper. McCay ( Ckem. Ztg., 
xiv., 509). The solution is rendered slightly alkaline with ammonia, 

and n ( urrent from four to six Meidinger cells passed thrfJiiiih it for six 
hours or more, when the copper entirely free from arsenic is found to be 
completely precipitated. 

Oxi'fizin^q Sulphides by EU'ctricHy. E. F. Smith {Berichte, xxiii.,2276). 
lU tu>ing caustic potash together with the "sulphide in a nickel crm ilile, 
ami making the crucible the anode in an electric circuit, the sulphur in 
most mineral sulphides was readily oxidized in about 20 minutes by a 
current of one ampere. The melt after < ooling was extracted with water 
filtered, acidified, and Ba SO^ pre( !])iiated as usual, Pyrite was theonh" 
suipliide whic h resisted these conditions, half of the sulphur only oxidiz- 
ing, but by adding CuO, and using a current of 4 amperes all the sul- 
phur was oxidized in so minutes. 

Nitric Acid Determined by E/ecfrt>/ysis. V'ortniann ^ Per. xxiii.. 2798) 
finds that the nitrogen may be readily converted into aumionia by elec- 
trolyzing a solution of nitrate acidified with 

The change is much more rapid if a metallic salt decomposable by the 
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currrnt is introdiued. Copper buli)hale is prckrable. The amount 
must be proportional to the amount of nitrate present, e.g. With 
a certain amount of KNO„ if we add half its weight of crystallized 
CuSO,, the reaction is complete when all the Cu has been precipi- 
tated by a current of i to i i c. oxyhydrogen gas per minute. The 
solution may then he liiraied acidi metrically, the degree oraciditication 
and amount of CuSO« added being known. Or the positive electrode ma^ 
be plated with copper, and the current reversed as often as may be 
necessary to traosler the copper from one pole to the other. 

Fhosphorus in Irons and Ores. Jones {_Am. Just. iMin, Eng.^ W ash- 
in^on Meetings Feb., 1890) summartaes the method which can be used 
so as to give results in an hour or le«», provided that As or Ti are not 
present. 

JFor Fig Iron or Steei. 

I. Dissolve in 60 c.p. HNOj(Gr. 1.135). 

II. Hod one miniiiL (alter action ceasesj. 
111. Add 5 c.c. K, MiijO^ (or until MtiO, jirecipitatcs). 
iV. Dissolve the MnO, with FeS( >, (Iree irom P,Oj). 
V. Fdier into a liask (500 c.c. capacity). 
VI. Add 10 c.c. NU«OH (Gr. 0.90) or nearly neutraliae. 
Vil. Test for oxidation (111. and IV.). This is done while solution 
is heating. 

VUI, Add 75 c.c. Molybdaie solution at 85^C. and shake vigorously 
for live nunules. 

IX. Filter and wash with (NH4),SO« solution [(NH,),SO, 25 gms. 
H^O, cone. 50 c.c. H./), 2500 C.C.J. 

X. Dissolve in NH^OH ((ir. c.(/i\ Observe precautions. 
XI. Add 30 to 50 c.c. sulphuric acid (1:2 water j and filter through 
redactor, observing precautions mentioned. {Travs,, xvii., 414.) 
Xll. Titrate. 

^or Iron Ores, 

I. Dissolve in HCi (Gr. 1.12). 
11. Filler, evaporate filtrate with HNO, (Gr. 1.20). 
III. Fuse residue with excess Na,CO,, dissolve in dil. H^SQ, (1:2) 
combine solutions when filtrate with HNO, is ready. Proceed as above 
from III. to end. 

Fliosphoric Add in Preseme tf Silica. Preis ( Jour, Chem. Soc, Iviii., 
825) finds that pho>phoric acid may be separated as phospho-molybdate 

in presence of (wiisiderable (piantitie> ul silica, if the precipitate is washed 
with pure cold water. The washings have a tendency to turbidity ai the 
end. 

Foreign Phosphates tn T/iomaS'-slag, Blum {Fres, Zts. Anal. Chem.^ 
xxix., 408 ^ Fioli Tholnas-•^I:lu"^ ( oniain no carbonates. Aftc i f^rii.ding 
and long ex|)osure to air they contain not over 2.5 percent. CC>.^. The 
presence of any notable quantity of CO, is thercioi e proof of this form of 
adulteration. 
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7>j/ Paper for Chlorides. Hoogoliet {Polyt. Nolhhhitt., xlv., No. i8). 
Prei ipitatc Ag\0, with K,CrO^, dissolve the precipitate in ammonia, 
saturate filtt-r iiapcr with tde sohition, dry it. While yet moist dip into 
dilute nitric acid, which precipitates tlnely divided Ag,CrO, on the paper. 
Water containing 0.03 of NaCl decolorizes this paper in a few seconds. 

Iodine Delerminaiions. Stortenbeker (^rj. Z/J., xxix,, 272). In pres- 
ence of CI, iodine chloride may be formed, and in a known amount of 
this the I determined by decomposii ion with KI and titration with hypo. 
The reaction with ferric salts, aistilling and titrating (DuAo^ method), 
may also be used, but it depends upon the ratio between ferrous and 
ferric salt in the solution, as well as the degree of dilution as to whether 
;ill()fthel is expelled. By concentrntini: t!ie acidulated sobin'on the 
equilibrium between the icdide, ferrous and ferric salt is gradually de- 
stroyed, and eventually all of the iodine may be expelled. 

Iodide in Presence of Chloride. ( Johnstone^ C. ff.,lxii., 153). A good 
qualitative tr^t is the nddition of a drop of AgNO, in nmmonia. 
I he Agl is so much more insoluble in the ammonia that the test is tol- 
erably delicate. 

Carbon in Irm and Skel, Pettersson and Smith (^<r„ xxiii., 1401), 

0.4 to 0.8 gm. of the iron prtftrnf'ty in one pieii-, is decomposed in fusing 
KHSO^. This rcijuires 5 to 12 rmnutes ( longer it the iron is in the state 
of bunngs). i he products are KSO^, SO, and CO,. The FeSO^ with 
the flax and graphitic carbon remains in the crucible. By passing a 
current of air (free from CO,) the SO, anti CO, may be caught in a 
measured qtmntity of sodium or barium hydrate solution. 

A sii:^ht c\( CSS of permangaiiaic will stTve to oxidize the sulphite, 
leaving the carbonate to be determined by some < onvenient method. 
The authois prefer an apparatus of their own devising, in which the CO2 
is expelled from the solution after acidifying by boiling under reduced 
pressure, the gas being finally measured (Ber., xxiii., 1402). 

The melt is cooled, dissolved in dilute HCl, the graphite, etc. , tillered 
off through asbestos, weighed, ignited in nitrous fumes, and weighed 
again, thus determining the graphite by loss. 

Nitro:^en in Chili Saltpetre. Forster ( Ci^em. Ztg.,x\v,t 509). By evap- 
orating a wet^'hed quantity two or three time-^ with HCI. finally ignitinj; 
gently, and weighing, the nitrate is converted to ( hloride. The loss 
of weight multiplied by 0.52828 gives the nitrogen present in the nitrate. 
The process is inapplicable if magnesium salts are present, on account of 
the deccmposabiltty of the MgCl, by evaporation. 

Hardness Test for Water. Neugebauer (Pres. Zts. Anal. Chem., 
xxix., 399 ). The author prepares a soap solution by lead plaster and K, 
CO, and standardizes with a solution madeof Sparts is^'CaSO^ solution 
and 2 parts 12° Mg SO, solution. Waters to be tested must be diluted 
until they will show .1 liardness not over 12°. Since the wnter destroys 
some of the soap, 100 c.c, t;ikin^' 0 6 r v. soip. 1° taking 1.7 < .r. xuq), 
and so on, a burette especially graduated for llie purpose is used, from 
which the degrees of hardness can be at once read olT. 
vol. XII.— 5 
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Water Contaminated by GasWorks was found by Die kmann ( Fres. Zts, 
Anal. CAem., xx^x., 398) to contain diphenylamin, the residue from 500 
• ex. giving a wcli-dt fined blue color, by addition of sulphuric acid. 
(Nitrates being present the addition of HNO, was unnecessary.) The 
water gave negative or uncertain reaction for CO, sulphocyanates or 
other cyanogen compounds. 

Mineraijocyj by a. J. Moses. 

ACHTARAGDITE. 

Possibly pseudomorphous after boracite. — ^ates Jahrif, Min, Rt/*^ 
x890f ii.y 19. 

Akermamite, Vogt. 

A tetragonal lime magnesia silicate near melilite, not found in 
nature but obtained in experiments upon the formation of minerals by 
fusion. — Amtr./oum, Sa\ A6s», xL, 336. 

AMARAN I ITE. 

Crystalli/ation proved tridinic, slender prismntic donMv termi- 
nated crystals of brownish to amaranih-red having been deterniincd. 

Specimens were from Mina de la Compania» Sierra Gorda, TocapiHa, 
Chili. Associated is a fine fibrous orange mineral, probably Sidero* 
natrite. — Amer.Jcurn. Sti., xl, 199. 

ARSfcMoi r.KJTF, /.y. I^e/sfrom, 2R" ,A.uO^.R"\/ts.O^.:t,R^(OH\,. 

Occ\irs in kernels and masses in dolomite. H.=3 — 4; i olur, 
cherry-red tu brow nisli-red ; streak, yellow tt> brown. Fracture con- 
choidal. 

Before the blowpipe melts to Mac k, non-ma t:netic globule with strong 
odor of arsenic, yields water in clo»»r(l ttiht*. Easily dissolved to yellow 
solution without residue in dilute HCl and UNO,. 

Analysis shows: ApjO^, 44.98 ; MnO, 21,25; ^^"iC>s, 7 80; Fe,0^ 
3.68 ; PbO, 4.48 ; CaO, 8.1 1 ; MgO. 3.16 ; H,0, 4 54- 

Found at Sjo mine, Orebro, Sweden, a.ssociated with foliated rhodo- 
nite, dolomite and barytic feldspar (Albite). — Zeit, F, Kryit., xviii., 313. 

ASMANITE. 

Mallard claims its essential identity with tridymite. — ButL Sec, 
Franc, Min.., xiii., 170. 

BoBiEiutiTE is Mg^^O^-^ %H^O, 

Carphosidekh E. 

Occurs at Saint Leger, Saoneet Loire, in < avernous (luart/ as minute 
hexagonal prisms, which are transparent and golden yellow. Also 
found* both at above locality and at Laurium, as micaceous or earthy 
masses consisting of crystalline lamellie. —^iri7. Soc- Frane. Min , xiii,» 8. 
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Cbrvantite. 

The yellow incrustalions upon stibnite from Felsobanya, Hun- 
gary; Estramadura, Spain; and Siegen, Phissia, and a similar erase 
upon botryoidftl orpiment Irom Felsobanya, prove to be zinc sulphide 
instead of cervaotite as supposed. — Min, Mag., vol. ix., p. 9. 

CiPLYTE,/. Oriiier, ^CaO, zP^O^^SiO^ 

Found at Ciply and elsewhere in Belgium in the chalk associated 
with phosphorite. Analysis was made upon impure material. — BulL 
Soc» Franc, Min., xiii., 160. 

CoNNELLiTE, Z>t/«tf, Cu^^{C/,OJI )^SO^^-V i^H^O. Hexo^onal, 
Recent re-examinalion by S. L. Penfield. 

Occurs in blender prismatic crystals terminated by pyramid oi op- 
posite order. H. =3. G. = 3-364 ; color, beautiful dark blue ; streak, 
pale greenish-blue. 

Before the blowpipe, fuses at 2 to bright globule coloring flame 
green. Soluble in dilute acids. 

Found at Camborne, Cornwall. — Anur.Journ. Set , xl., 82. 

COSSAITE,* 

Occurs in dense lamellar masses. H, = 2.5. C». =3.075; lustre, 
pearly ; color, apple -green. Optically, biaxial. Powder somewhat 
greasy. 

Before the blowpipe, melts to a white opaque mass. Insoluble in 

hydrochloric acid. 

Analysis shows : SiO, ,46.49; .-VljO,, 40.68; Fe„0,, 2.68; Na^O, 
4.75; I<L,0, 1.34; H,0, 4.57; or very near the Cossaite of Borgofranco near 
Ivrea and of CoUe Blaisit r 

Found at fiousson. — Zai,/. Ktyst^ xviiL^ 77. 

CoUSERANl i E, 

M. Ch. L. Fross<Trd suggests that the name couseranite, now only a 
synomym of dipyre. be used as the name of all altered dipyre. — BuU. 
Soc, Fratu, Mtn.^ x»ii, 187. 

Cristobaltite (Christobaltite), v, Rath^ SiO^. Orihorkombic. 

Occurs at Cerro San Cn.stobal in small white crystals, apparently 
regular octahedra, formed by grouping of three quadratic crystals. The 
crystals are almost opaque but become translucent in a liijnid. G = 
2.34; lustre, dull. Doiilile refraction destroyed at 175^ while that of 
tridymite disappears at 130**. 

Before the blowpipe is not altered. Easily soluble in alkaline solu- 
tions. — BuU, So€. Frame, Min., xiii., 172. 



• Referred by Com to Mica, amt bj Gattaldi to Oncosine (v. Finite). 
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Crocidolite. 

Study of optical jtropertics nnd notice of 1(k aliiies. Conclusion 
that it is optically di&tinct from giaucophane. — Lacroix^ JS, S. I*\ M., 
xiii., 9. 

Cryptolite is monazite according to Mallard. — S, F, M,^ 1887, x., 
236, 

DuRDENiTE, E, S, Dana and ff. L. Wetb, FeJi^TeO^\ + 4^,(7. 

Found at El Plomo mine, Tegucigalpa, Honduras, in points and 
veins scattered through quarl/.ose rongiorocratc. H. = 2 — 2.5; color, 
greenish- yellow. — Amer. Jaurn, S£i\, xl., 79. 

Erythrite. 

As crystalline groups of an impure rose color, coating pyrite, cal- 
cite, byssoliie, etc., at French Creek, Pa. — Amer.Jmim. Set,, xl., 115. 

Fa Y A LIT K. 

In the hollow sphcrulites of the obsidian from Lipari are found 
crystalline kernels with radial structure. The centre of a kernel is 
dense and gray, but the outer portion Is a mass of radiating acicular 

crystals of alkali feldspar and many sin. ill white c rystalline pellets of 
tridymitc. Similar crystnls ro it tlK mside of the shell. 

A-^soriiited with the n ii1\ n^iie are occasional thin minnti' tablets of 
fayaliie, sometimes clear anil transparent, sometimes altered and opaque. 
— Amer, Jcum, S^/., xl., 75. 

Ferronatrite. 

Found at Mina de la Compania, Sierra Gorda, Tocapilla, Chili, in 
clcavable nri"'-.'-;, jirobably hexagonal. Color white to grayish white. 
H. » 2.5 L». = 2.547 — 2.578. Optically uniaxial. — Anur. Journ. Sa\, 
xl., 202. 

Ferrostibian, Z./. JgeUtrom^ RyJ^^O^, loRi O/i)^ MonocUnk^ 

Occurs in acute crystals showing 00 P 00 , 00 ^ 00 , OP. H = 4. 
Feebly magnetic. Lustre, submetallic. Color black or grayish-black. 
Streak, brown. Opaque. Before the blowpipe, melts with difficulty to 
a black magnetic globule. Easily soluble in dilute hydrochloric acid to 
yellow solution. Analysis shows: Sb2O5.14.80 ; FeO, 22.60; MnO, 46 97; 
HjO, 10.34; Mij,CO,. CaCOj, 2.14; Insol. 2.24= 99.09. 

Found at Sjo mines, Orebro, Sweden, in rhodonite. — Neucs, Jahrd. 
Min. Ref.^ i8yo, 11., 221. 

Garnet (TKteir^i^MVf). 

Brown massive garnet from Jones Mine, Green River, Henderson 
Co., N. C. contained 4.58 per cent. TiO|. — Amer^Joum, Sfi., xl., 117. 

GiHiisiTE of White Horse Station, Chester Co., Pa. proves to be a 
hydrous aluminium pho;>pliate of unknown constitution.-~i4iii»^. 
Set. xl., ao6. 
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GORDAITE^ Frentel^ ^Na^SO^. FeJS^O^ + zH^O, 

Occurs in indistinct crystals, |)erhai)s triclintc. Also found in small 
fnliatod masses with fibrous-structure. H. =3 2.5 — 3. G. =s2.6i. Lustre, 
vitreous ; colorless to white or lie;lil gray. Analysis shows : SO,. 50.85 ; 
FejO,, 19.42 ; Na,0, 22. ^6 ; HjO, 7.33. Found in Chili, associated with 
^idtfomXnxt^^Amer. /aurn. Set, Abs.^ xK, 259. 

Graphite. 

Graphite of Ceylon is believed by J. Wallher to hnve been intro- 
duced in the veins in form of gaseous hydrocarbon rich in carbon. 
Occurrence in Ceylon and theories of formation are discussed by F. 
Sandberger. Ntues Jahrb,/. Min.^ 1887, v. a, p, 12, and by J. Walther. 
— ZrrV. d.deutschy geoL Ges*, xli., p. 359. 

Hami>.f.R(,h E. Bro^geKy Bf .BO^OfT. Orthnrhomhic. 

A single crystal, ^.5 r.m. in length by 1.5 r.tn. in thic kness atul 
width. Cleavage p.irallci to ao P 00. H. = 7.5; G.— 2.347, Lustre, 
stronglsr viereous. Color, grayish- white. Transparent to translucent. 
In appearance resembles boracite. Thin sections show under the micro- 
scope inclusions of magnetite. 

Before the blowpipe, decrepitates slowly, but is infuhible. Insoluble 
in acids. Mean of three analyses shows, KeO, 53.25; B/),. 36.72; 
H,C), 10.03. 

Found near Ht lgeraen, Norwav. in ffldspar. Named after the dis- 
coverer, A. Hamberg. — Zeii./. Kryst.^ xvi,, 65. 

HtORTDAHLlTB, Stvgger, TricKnie, 

A mineral resembling wdhlerite occurring in small thin crystals 
usually twinned. G. =5.251. Lustre, vitreotaon a crystal face but 
adamantine on fracture. Color, various shades of yellow, rarely 

yellowish -brown. 

Before the blowpipe, melts easily to a yellowish white-enamel. Gela- 
tinizes in acids. 

Analysis sliows : SiOi, 31.60; TiOi, 1,50; ZrO.,, 21.48 ; CaO, 32.53; 
Nn.O. 6. ^3 ; F, 5.83 ; Fe,0,, 0.34 j FeO,o.94 ; MnO, 0.96 ; MgO, 0.10 ; 

Found at Island of Mittel-Aro, Lange?undfjord, Norway, 111 a white 
feldspar, with a dark mica, some elsoltte and often fluorite. Named 
after Prof. Th. Hiortdahl, of Christiana. — Zeit, f, Kryst^ xvi., 367. 

JOHNSTRUPlTE, Brtiz'^er. Monoclink. 

A browpish-t^tcrn inineral found in the neighborhood of Barkevik, 
Norway, and resembling in composition and tbrm the mosandrite of 
Stoko and Laven, and considered homeomorphons with it through a dis- 
tinct species. G. = 3.29. Lustre, vitreous on crystal face, resinous to 
adnmantine on fmeture. Named after Prof. Fr, Johnstrup, of Copen- 
hagen. — Zat./. KrysL, xvi., 74. 

KALiBORrrE, W, Feii, Occurs massive with granular structure. G. 
2,05. Analysis shows: 6,0,, 57*46 ; MgO, la.^ ; H,0, 24.00. Found 
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near Aschersleben, Prussia, associated with pinnoite, — Anur.J&urn, S^i., 
xl., 336. 

Karyucerite, Brdgger^ H^Zr^ 7%, Ce\0^ F^. Rhmnkoludral 

Occurs in tabular crystals sometimes intermixed with a clear ^llow 
amorphous compound. G. = 4'395' Color, nut-brown. Fracture 

conchoidal. 

Before ihe blowpipe, becomes transparent but does not fn>e. 
Found at Stoko, Norway, with aegirite, catapleite, astrophyllite, feld- 
spar and elseoHte. — Zeil*f. Kryst,, xvi., 478. 

Lbttsomite. 

One specimen from Copper Mt. Mine, Arizona, in incrustations on 

siliceous gangue. Color deep sky blue to azure blue ; lustre, silky j thin 
fibres and small radiated tufts. 

One specimen from American Eagle Mine,Tintic,Utah, is a velvet- 
like azure blue coating upon a bluish-green clay'-like mineral.— ^in<r. 
J9um, Set\f xK, 118. 

Levbrrieritb^ Termier, (Mhorh^mbic* 

Occurs in vermicular forms usually called bacillarites ; cleavage 
basal. G. s= 2.3 ; colorless to brown, plcochroie. 

Analysis show*; r SiO,. 49.30 ; Ai^Oj, 22.60 ; Fe.O,, 0.34; \inO, 0.40; 
CaO, 6.80 MgU, 0.66; K-^O, 1.36, on heating, 17.90. 

Found at Quartier-Gaillard near St. Etienne, in sandstone, clay 
and coal, sometiiiies dissociated with small /.in ons and ai>atites. 

Named after M. LeVerrier.— iV^//(fj Jakrb, Min, Re/., 1890, ii., 37. 
See also Ann, des Mines, v. 17, p. 372. 

LussATiTE, Mollmrd, SiOt. 

A siliceous coating upon quartz consisting of microscopic fibres 
perpendicular to the surface of the quartz. G. = 2.04 ; color, somewhat 
milky ; doubly refracting in direction of length, optically p(»itive. 

Found in the bitumen of Lussat and other localities near Pont du 
Chateau. 

Similar fibres are found in the yellow stratified opal from the Faroe 
Islands* — Bull. Sfff, Franc, Mn,, xiit., 63. 

Melanophlogite. 

Mallard notices that the clear cubical crystals are composed of fibres 

radiating from centre to sides, which are optically nepjative, and possess 
slight double refraction that disappears at about 400'. d. - 2.04. 

Frequently the cubes contain strongly doubly refracting particles op- 
tically positive, G. = 2.65, which become white and opaque when the 
fibrous melanophlogite blackens under the action of heat. Evidently 
these are quartz. 

In one s[)ecimen with yellowish crystals the material was almost en- 
tirely quartz. — Bull. Stfc. Franc, Mtn,, xiii., 180. 
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Metacinnabarite. 

A specimen found in the quicksilver mine at New Almaden, Cali- 
fornia, carries finely-developed crystals which are rhombohedral and 
hemimorpbic. The Knoxville metactnnabarite has been described as 
hemihedral isometrici bnt the cr^tals have been very indefinite. — 
Journ, &t\, xl., 301. 

Neotesite, JgUstrom, R^SiO^^-H^O. 

Occurs massive rleavable, resembling red orthoclase. H, = 5— 
5.5. Lustre, vitreous ; color, brownish-red. 

Before the blowpipe melts easily to black globule, yields much water 
in closed tube. Soluble in hydrochloric and sulphuric acids with sepa> 
ration of floe mlent <Nilica. .After heating it is insoluble. 

Analysis shows : Si( 2o.i;o ; MnO, 40.60 ; M^O. 20.05 - 9.85. 

Found at Sjo Mine, Orebro, Sweden, associated with icphroite. 

Named Epigenite, but name changed on account of previoos use for 
a copper mineral. — Ntuts Jahrb, Min, Re/,, 1890, it., a 2a. 

Occurs in tabular twinned crystals. G. = s.408 ; lustre, pearly ; 

color, grayish-yellow. 

Analysis shows: SiO„ 49. 78; A1,0„ 6.31; MgO, 27.94; FeO, 4.08; 
MnO, o. 1 2 ; K,0, 5 93 j H,0, 5.49- 

Found at Taberg, Wermland, Sweden. — Amer, Joum, Sci, Abs.y xl., 

335- 

Phosi hosiderite, W, Bruhtu and K. Bun^ ^FePO^-^ iHxO, Ortko- 

rfwmbic. 

Orrnr; in prismatic crystals, tabular parallel to ^ p . rleavable in 
one direction. H. = 3.75. G. = 2.76. ; Color, peai h-blossum red or 
pale reddish-violet ; clear and transparent unless coated with iron oxide. 
Heated in the tul)e, becomes yellow and opa(]ue and yields much water 

without derrepltation. Rcfore the blowpipe, melts easily to a black 
mapnetic globule, insoluble in hydrochloric acid, slightly soluble in 
nitric acid. 

The mean of two analyses shows: PjO^, 38.85 ; Fe,0„ 44- 50* H,0, 
17.26. 

Found filling the cavities of a specimen of gdthite from Kalterborn 
mine near Eiserfeld, Siegen. 
The composition is very near that of strengite. — Zeif*/* Kryst., xvii., 

555- 

Plbukasite, Z./. IgeisMm, 

Hydrous arseniate of iron and manganese. Massive, resembling 
magnetite externally. H. — 4 ; lustre, submetallic ; color, bluish black ; 
streak, black, opaque, but in thin sections pale red to violet i frac- 
ture, conchoidal ; feebly magnetic. 
Before the blowpipe, melts to a black magnetic button, evolving 
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arsenic olor. Eisily soluble in dilute hydrochloric acid to yellow sola- 
tion. In tu?i?s, yitild-i water. With fl.ixes reacts for Sb, Fe.Mn, CI. 

Found at Sju tnine, Orel)ro. Sweden, associated with arseniopleile.— 
Neues.Jahrb. Min. Re/., 1890, ii, 222 

Prismatin, Sauer, 

A silicate of .\l,0,, M^O FeO and N 1,0, occurring in thick rhombic 
prism'? or in radiated ^ronjx. Color, pearl gray. Found at WaldheiiQ, 
Saxony. — Zeit. d. d. GioL GeseUc€h.y xxxviii., 704. 

QuETEMiTK, Ftrnzel, MgSO,, JeiS^O, K^hO- 

Occurs massive ; H. = 3 ; G. =2.oS — 2.14 ; color, red<lisli-browii. 
Analy;sis shows : SO,. 37.37 ; Fe,Oj, 22.70; M.;0, 5.92; H,0,34-oi' 
Found at Salvador Mine, Quetena, Chili. — Amer. Joum. Set, Ais., 
xl,, 259. 

ROSEITE. 

-•\ brownish niineril resenihllnL; ilteretl mica or chlorite found by 
Dr. Rose in West Nolun^Miain, Chester t uunt\ , I'a. Crystals yieWed 
without previous drying. SiO,, 35. 3S; AI^O,,. 30.30; MgO, 14.66; 
H,0, 19.88. Dr. Genth, who ntade the analysis, did not consider the 
material perfectly pure and did not endorse it as a new species. 

Selen Tei.i.ukil.m, £. S. DanauuJ IT. L. Wells { Te,Se). Ifexa^onali^)- 

0( curs massive, or with indistinct columnar stry tnrc. Cleavage 
parallel to prism ot 60^ ; lublrt-, metallic; color, blackish-gray ; streak, 
black. 

Analysis shows: Se, 29.31 ; Tc, 7o.f')o. 

I ound at El Plomo mine, Tegucigalpa, Honduras. — Amer, /wn- 
Sei,f xl., 78. 

SwKftosATMTE, Ratmffft/fi\ 2 NhiSO^, Fr^S^O^ + 7//, (9. 

In fine fibrous masses with .-.inali prismatic <:rystals probably ortho- 
rhombic. H. = 1.5. G. = 2.355 i color, pale orange to straw yellow. 
Mean analysis shows: H,0, 17.07; SO,, 44.22; FeiO,, 21.77; 
16.39. 

Found at Minn de la Compania, Sierra Gorda, Tocapilla, Chili. As- 
sociated with fcrronatriie in white particles and lamellar masses.— 
Amer. Journ. Sa'., xl. ,201. 

StCTERtTE, Rammetsberg {Na^K)tAl^fi^^ 

Described as a new feldspar of gray color, cleavage like orihoclase 

and polysynthetic twining. G. = 2.6 — 2.62. Analysis shows, after 
dcdticting admixed augite: Sif),, 50.54; AI.,Oj. 30.64 ; Na,0, 14. 5^ : 
K,0, 4.24. Equivalent to anhydrous natrolite. Albite and Sigteriie 
are related as follows : 

Albite R, Al Si, 0„ R.O, Al,0„ dSiOi. • 

Sigtente R, A(, Si, O^ R;0, AIA» 3SiO,. 

Found at Sigtero, near Brevig, Norway,a8so€iated with eudialyte and 
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alhite Named after locality in which it occurs. — Nsues Jahrb, Min,, 
1890, ii., 70. 

SlUCA. 

M. Mallard divi les all crystallized silica into two groups* 

I. Quartz: uniaxial and with rotary polarization, but owing these 
to molecular grouping of some hiavcial substance, perhaps chalcedony 
or some elementary substance yet unknown. 

Crystals of this family miy form at low- temperatures and are stable 
only to about xooo^, above which they slowly lose their crystalline 
structure, bet ome amorphous and opaque and may recrystailize as 
crystals of the second group. 

a. Crystalline silica of G. about 2.2. It includes two distinct 
species, Tridjrmite triclinic, pseudohexagonal below 130°, hexagonal 
at higher temperatures. Cristobaltite, ortborhombic» pseudo-isometric, 
below, cubic above 175°. 

The crystal of this second family are formed, pijrluips exc lusively, at 
high temperatures; they are unchanged at all temperatures below fusion, 
but are more easily affected by solvents than the first group.-*2f»//. S^* 
Fraiu. Aiin.t xiii., 176. 

Sphalerite. 

A nearly pure white and amorphous sulphide of zinc has been found 
at Galena, Cherokee Co. , Kansas. I In- ore bed consists of sphalerite 

and some galenite. In the centre of tb.r lied is a soft white sii!-»srnr>ce 
resembling ground white lead. Surrounding it on all sitles are partially 
decomposed ore and siliceous gangue rock showing casts of dissolved 
sphalerite crystals. 

Analysis showed : Insoluble, 2.52 ; Zti. 65.70 ; S, 30.77 ; FCjO,,, 2.40. 

The original sphalerite is siipj>osed lu have oxidized to sni})hate, 
which was removed in solution and. by the action of H S or an alkaline 
sulphide, the zinc reprecipitated as ^laXj^xdt.-^Amer. Jtmrn, Sa\t xl., 
160. 

SxiBiATiL, /x^/s/rom, Hytirous Antimoniate of Iron and Manganese, 

Occurs in columnar crystals with rectangular cross-section. H. = 
4. Lustre, metallic ; color, black; streak, black with touch of brown ; 

opaque. 

Bchtre the i)low])i|)t.'. infii^ible. In tul)i', yields water. Kasily soluble, 
in cold dilute hydrochloric acid to yellow solution. Analysis shows: 
Sb,0«, MnO, FeO. 

Found at Sjo mine. Orcbro, Sweden \ associated with polyarsenite. — 
Neues /ahrd. Min» He/., 1890, ii., 223. 

SvNAPELPHiTE, Orthorhombic not Monoclinic. — l^eucs Jahrb, Min. 
R*f.^ 1890, ii, 226. 

Tamaru(;ite, Schuhf, Na^Al^SO^^ ^xzH O. 

Occurs in m.L-.sive forms, with radiated structure. H. = 2. G. = 
a.03. Colorless. Found at Tarapaca. — Amrr. Journ. Set. Abs., xl., 258. 
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The so-caller! 'ridymitf of Mont. E'lganeen*?. alrhotigh acj?eing 
exactly in form wiiii other tridyniue, is optically and in Sp. G., quartz. 
It IS therefore quartz after tridymite. — BulL Soc. F. Min., xiii., 162. 

VlVIANITE. 

Found in stratum of clay on banks of the Cumberland River, near 
Kddyville. Ky, replacing the roots of coniferous plants. — Amer.Jouni, 
Sa,, xl, 120. 

WziBYEtTE, Brdgger ( CeF\{ CO^^ Orthorhomhit. 

Crystals small resembling zircon but optical ly proved to be orthi^* 

rhombir. Colorless, htit coated with ochre yellow crust. 

Anahsis >h<>ws: CO^, 19.16; Ce^O,, 3v38; (Li,0, Di,0,\ 31.58 ; 
^ 'i' ^ 3-42; SrO, 0.97 : F. 5.04; H .O. etc.,6.34. Occurs at An> Nor- 
way, at the endulymite locality. N^raed after P. C. Wcibye. — Zev/./. 
Krjsf., xvi., 651. 
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Tmk Mf.TALl.URr.Y OF S^Ti Ki,. By Henry Marion TTowe, A, M. (Harvard), S. B. 
Vol. 1. Royal Quarto, pp. 380. Scieiuific Publishing Co , 27 Park Place, New 
York. Price: $10.00. 

The first edition is already exhausted. The second edition is forth- 
coming if not already on the market. 

The greater part of this work has appeared in a series of papers is- 
sued as supplements to the Engineerinj^ and Afinina^ Journal during the 
past two years, the present voUime beinp; a rearranged collection of 
these papers with c unsiderable additional matter. 

The great magnitude of this subject renders any thorough work on it 
of large size. This volume of the work contains : Chapter I., Claftsifi- 
cation and Constitution of Steel ; Chay)tcr II., Carbon n-v! n. Har- 
dening, Temperinjif and Annealing; Chapter III., Irm ind Silicon ; 
Chapter IV., Iron and Manganese; Chapter V., Iron and Sulpliur; 
Chapter VI., Iron and Phosphorus ; Chapter VIL, Chromium, Tung- 
sten, Cop()er ; Chapter VIII., The metals occurring but sparingly m 
Iron; Cha])tcr IX., Iron and Oxygen ; Chapter X., Nitrogen, Hydro- 
gen, Carbonic Oxide ; Chapter XI., The absorption and escape of Gas 
from Iron; Chapter XII., The prevention of Blowholes and Pipes; 
Chapter XIII., Structure and related subjects; Chapter XIV., Cold 
Working. Hot Working, Welding ; Chapter XV., Direct Processes ; 
Chapter XVI., Charcoal-Hearth Processes; Chapter XVII., The Cru- 
cible Steel Process; Chapter XVIII., Apparatus for the Bessemer Pro- 
cess ; Api>endix I., Special Steels; Appendix II., Anti-Rust Coatings; 
Appendix III., Lead Quenching. 

The book is illustrated by 228 drawings and 222 tables, some of the 
latter meriting particular attention, being in graphic form which enable 
the reader to grasp at a glanrc the signifiranre of comparative da^a. 

The nia>tcrly man nor in which the author has handled the subjects 
treated, and his clear and <.oin|>rehensive discussions cannot fail to 
win for him the admiration and thanks of all consulting his work and 
the endorsment which the author gives by referring to the long list of 
prominent metallurgists and practical workers in iron and steel, cn- 
han( r-^ its value as a work of practical importance. 

To sum up, this work is of great merit, and is heartily recommended 
to engineers and others interested in the manufacture of iron and steel. 

J.S. 

Rkfok 1 c»K THE Royal Commission on the Minp.ral Re.s»iurces of Ontario, 
AND Measures for THUa Developuent. 566 pp. 8vo. Toronto. 1890. 
Warwick & Sons. 

The scope of tliis work is indicated by the divisions assigned to the 
different nieml>ers of the commission. 

To Robert Heil, LL D. The Geology of the Province with sjiecial 
relation to its Economic Minerals. Organization of a Bureau of Mines 
for the Province. 
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To W. H. Merritt, F. G. S. Detailed descriptions and maps of 
working mines and important undeveloped miner tl properties, and all 
matters appertaining to mining engineering. Founding of a geological 
and mineralogical museum. 

To John Charlton, M. P. Exports, tmportiSt shipping facilities for 
ores, building stones, etc., and general inquiry into causes of depression 
in mining industry. 

To Archibald Bine. Information and sugge^>tion'^ on mining laws 
and regulations. Inquiry into best methods of promoting meiallar* 
g^ical industry. Technical instruction in its relation to mining and 
metallurgy. 

Mineral RKsouRcts of the Unitko States. Calendar year, iS88. David T. 
Day, Chief of Division of Mining;, Suitttics and Technology. 652 pp. VVasfa> 
ington, 1890 (U. S. Geol. Survey). 

This volume is the sixth of the series and continues the method of 
previous vobjm<»s, rommenfing with summary for the different metals 
and minerals irrcsjM ( tivc of lomlitv. Chapters by specialists arc then 
devoted to each important mineral industry. 

Ninth Asnljai. Rki'ort of the State Mjsi u \r or.isT of California. Will i n 
li' l ui, Jr. For the year ending December I, 1889. 352 pp. Sacramento, ;i>9o. 

ill aildition to st.iti^firal chapters of production, etc., this volume con- 
tains si)ecial articles, notably, " Refining and Coining of Precious 
Metals," by Sven Guinbenner. ** Aurifercis Gravels of California," by 
Jno. Hays Hammond. *< Insular Floras," by I..orenzo G. Yates. " Pot- 
t( rv," by Linna Irclan. illustrated. "River Mining." by R. L. 
I )unn " Clays," by W. D. Johnston. The various articles are beauti- 
fully illustrated. 

Practical Savitarv and Kc">N<>Mrc Cookinc., a 1 i|jt< ! to Persons of Moderate 
and Sum!! Means. V,\- Mary Hinman Abel Prize Ess.nys. PiiMislied 

by the American Public Health .Association. Enjilish Text. I2ma. 1S2 jjp. 
Paper, j^c; cloih, 40C. Engli<ih-Gernian Text. lamo. * 364 pp. Paper, 55c.; 
dotb, 69c. 
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Columbia I'mvkrsitv,* 



Columbia College at the present time consists of the School of 
Arts (the original college, founded in 1754), of sundry professional 
schools, to wit : the School of l^w, the School of Mines, and the College 
of Phy>irians and Stirgeons; and of the l^nivcrsiiy Faruhies of I^w, 
Mines (Maihcniatics and Pure and Applied Science), Political Science, 
and Philosophy. 

Thfe point of contact between the college and the university is the 
senior year in tlie Si liool of Art-^, during which year students in the 
School of Arts purs^ue their studies, with the ( onsent of the Faculty of 
Arts, under one or more of the University Faculties. 

University Council. — The various schools are under the charge of 
their own faculties, and for the better conduct of the strictly university 
work, as well as of tht.- whole instjtntion. a University Council has been 
established. This Councd is an advisory body, in particular it advises 
the president as to all matters affecting the master's and the doctor's de^ 
gree, the ( orrelation of courses, the extension of university work in new 
and old fields, and generally as to such matters as the president brings 
before it. 

The Council, for 1890-91, is composed as follows: 
From the Faculty of Philosophy — 

The Dean, Prof. Butler ; Prof. Harry T. Peek. 
From the Faculty of Political Science — 

The Dean, Prof. Burgess ; Prof. R. M. Smith. 
From the Faculty of Mines— 

The Dean, Prof. Chandler; Prof. Newberry. 
From the Faculty of Law — 

The Warden, Prof. Dwight ; Prof. Chase. 
From the School of Arts — 

The Dean, Prof. Ihisler ; the Secretary of the Board of the Col- 
lie, Prof. Van Amringe. 

By the choice of the President — 

Prof. Trowbridge ; Prof. Price. 

Secretary ut the CouiiLil, Prof. R. M. Smith. 

School of Arts.— The college proper has a curriculum of four years* 
duration leading to the degree of Bachelor of Arts. 

University Faculties. — ^These together constitute the University. 

The faculties offer advanced courses of study and investigation, re- 
spectively, in (a) Private or Municipal T,;i\v. < />) M ithenivTiirs nnd Pure 
and Api'licd Science, (*) History, Econoiuics, and Public law, and (#/) 
Philosophy, Philology and Letters. Courses of study under one or 



* Condemed from Authorimd Cblleg^ Bulletin, July, i8go. 
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more of these university faculties arc open to members of the senior 
class in the School of Arts and to all students who have surcessfuily 
pursued an equivalent course of undergraduate study to the close of 
thejunior year. These lead through the bachelor's degree to the uni- 
versity degrees of Master of Arts and Doctor of Philosophy. 

Professional Schools. — These are the schools of Law, Mines and 
Medicine, to which all students,as well those not having pur«ied a course 
of undergraduate study as those who have, are admitted on terms pre- 
scribed by the faculty of each school as candidates for professional 

degrees. 

1. The School of Law, established in 1858, offers a tiuce years' course 
of study in common law and equity jurisprudence, medical jtirispro* 
dence, criminal and constitutional law, international law public and 
private, and comparative jurisprudence. The degree of Bachelor of 
I-^ws is conferred on the satisfactory completion of the course, i he 
courses in constitutional and international law and comparative jurispru- 
dence arc conducted by the Faculty of Political Science. 

2. The School of Mines, established in 18^)4, ofTers tlie following 
courses of stud) , each of four years' duration, and each leading to an 
appropriate profci^siunal degree, namely, mining engineering, civil en- 
gineering, metallurgy, geology and palaeontology, analytical and applied 
chemistry, architecture ; and the following as graduate courses, each of 
two. years' duration and earh leading to an appropriate degree, namely, 
sanitary enj^imering and electrical engineering. 

3. 1 he College of Physicians and Surgeons, by joint rc.'^olution of 
June 18, i860, the Medical Department of Columbia College, ofiers a 
three years' course of study in the principles and practice of medicine 
and sur'-ery, leading to the degree of Doctor of Medicine. 

Masters and Dol:tor.s Degrees. ^ — Any student who has taken his 
baccalaureate degree either in Columbia College or in some other college 
maintaining an equivalent curriculum (every such case of equivalence 
to be considered on its own merits) shall l)e entitled, with the apjiroval 
of the president, to b<-( oine a candidate for the degrees of master of arts 
or doctor of philosophy. 

Each candidate sha]l,immediately upon regist ration ^designate one prin- 
cipal subject and two subordinate subjects, which when approved by the 
proper fai iilty shall be the studies of his university rotirsc. Slioiiltl thosub- 
jert> designated by the candidate fall within the jurisdu.lion of more than 
one university faculty, the candidate's selection must receive the sanction 
of the president belore it is recorded. 

Candidates must pursue their studies under the direction of the pro- 
fessors and other officers of instruction in charge of t!ie sul)je( ts se- 
lected, attending such lectures as may be designated, and perlormmg 
faithfully such other work in connection therewith as may be prescribed. 

The Avbry Architeci'itral Lidrary. — 

4 East jStk St., New York, June 23, 189a 

Mr. Seth Low, President Columbia College. 

Dear Sir : With your consent and that of the Trustees of Columbia 
College we propose to establish the Avery Architectural Library in 
memory of our <iOQ, Henry Ogden Avery. 
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We propose (i) to give to Columbia College, for the purpose men- 
tioned, the library, comprising volumes relating to architecture 
and the decorative arts, and other professional books, formed by the 

late Henry O. Avery, including one or more folios of original architec- 
tural drawings hy the late Henry O. Avery \ and in addition thereto (2) 
to give to the Treasurer of the Corporation siu h sums as may be re([uired 
to pay for books purchased, as provided below, on notice of their pur- 
chase, previous to the 1st day of January, 1891, not exceeding fifteen 
thousand dollars, and also (3) to give to the Treasurer of the Corpora- 
tion on the ist day of July ot this year the sum of fifteen thousand dollars 
to be invested and to form a permanent fund, the interest of which is 
to be em|>loyed first in binding and making the necessary repairs of the 
bookb forming said Avery Architectural Library, and second in the pur- 
chase of newly published books, or others, under the conditions stated 
below. 

It is our wish that the purchases made for the Avery Architectural 
1 jbrnry be made exclusively by a commission of three persons, namely, 
the Librarian of Columbia College, the Professor or acimL; iVofessor of 
the Architectural Department of the School of Mines, and Mr. Russell 
Sturgis, of New York, whose successor, in case of his declination at any 
time, is to be selected by the other two members of the commission as 
above, to be always an architect and not immediately connected with 
Columbia College. 

It is our wish also that the books so purchased, including those com- 
ing from Liie late Henry U. Avery, shall be kept together in one room, 
alcove, or the like, to be set apart and designated for the )Hir[)ose and 
approved by the commission of purchase, but without impairing in any 
way the constitutional control of the college property vested in the 
Trustees by the charter, and that they be kej)t as ;i lil)rary of reference 
only, and not allowed to leave the library building; except on spet ial oc- 
casions, as fur binding, repairs, etc., or for liie purpose of having photo- 
grajihic or other copies made of plates and the like, but always on the 
express approval of the commission of purchase, or a majority of it. 

It is also our wish that a tablet, or some other form of record, which 
we will furnish, he put in a prominent position, and always retained, in 
the room or alt ove devoted to the Avery Library, and that a l>ook plate 
be pasted insi<ie the cover of each volume of the library, the said tablet 
and tx>ok«plate to state the foundation of this library by the parents of 
Henry Ogden Avery in his memory. 

It is also our wish that, at the discretion of the Trustees, a separate 
catalogue of this library from time to time be printed in pamphlet form, 
at the expense of the college, and that copies of it in sufficient number 
be furnished the commission of purchase for free distribution to archi- 
tect$» students of art, and other persons or institutions to whom the 
Avery Architectural Library may be useful. 

(Signed) Samuel P. Averv, 

Marv A. AvERV, pr. S. P. A. 



Extract from the wiLr. of Charlks M. Da Costa, an aliminus of 
the class of 1S55 and a trustee of the college, who died on Sunday, June 

22, 1890: 
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" First. — I give and bequeath to the Trustees of Columbia College 
in the City ol New York the sum of one hundred thousand dollars. I 
express the hope that such sum may be used for the endowment of some 
lieu professorship, which, in the good judgment of the Board of 
'I'riistees, may be nenUd in any of the schools or departments of the 
college. But this expres.".ion is in no way to limit the absolute right of 
the said corporation to use the said sum for any of its corporate pur- 
poses. I also give and bequeath to said corporation my library^ both 
law and miscellaneous." 



Columbia Alumni Athlltic Club. — Over six hundre i names have 
been obtained for the formation of the Columbia Athletic Club. The 
articles of incorporation are as follows: 

( I k riMt. A I K l\( OKPOKA i ION. 

We, the undrrsigDed, being of full age, citizens of the United States, 
and also ot the htaie of New York, desire to form ourselves into a club 
for Athletic, Gymnastic and Social purposes, in accordance with the pro> 
visions of an Act entitled "An Act for the incor|K»ration of societies or 
clubs for certain lawful purposes,'* passed May is, 1875, and 
hereby certify — 

1. The name or title by which said club shall be known is The 
Alumni Athletic Club of Columdia College. 

2. The olijcct of said chib is to provide for the graduates uf Colum- 
bia college, and such others as they may associate with them, social 
privileges and opportunities for athletic exercise for themselves and, 
under certain restrictions, for the undergraduates of the College. 

7r/fs/ers. 

3. 1 he number of Trustees to manage the affairs of the club shall 

be seventeen. 

The names of the Trustees for the first year are as follows: 

John H. Van Amringe, George G. DeWitt, Jr., George Sherman, 
John Kroin Rees, Robert C C'lriTell. J.isprr 1'. GDodvvin, William 
Fellowes Morgan, J. U est Roosevelt, W illiam (i. l^ithrop, Jr., Nicholas 
Fish, Robert Fulton Cutting, P. dc Peyster Ricketts, Isaac N. Seligraan, 
T. J.Oakley Rhinelander, J. Adriance Bush, Charles C. Pellew, Lincoln 
Cromwell. 

in witness thereof we have hereunto set our hands and seals this 
tenth day of June, m the year one thousand and eight hundred and 
ninety. 

F. R. Coudert, G. Sherman, F. S. Bangs, Julien T. Davies, D. 

Morgan Hildreth, Jr., Edward Mitchell. John Murry Mitchell. Jasper 
T. Goodwin, Michael I. Pupin, Charlrs llylste«l Mapes. John M. 
Knox, S. \'irror Constant. Kdward S. Rj|>illo, ."Vbm. Van Santvoord, 
S. Albert Reed, 1 hctidore W. Dwigiu, P. dc 1'. Ricketts, J. K. Rees,\Vm.G. 
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Lathrop, Jr., Charles F. Chandler, George G. DeWitt, Jr., Wm. S. Sloan, 
Wm. Manicc, Joseph Lawrence, Stnyvesant Fish, Edgar J. Levey, Robert 
C. Cornell, Henry R. Bcckinaii, Henry Phelp.s ('hase, Nicholas Fish^ 
Charles A. Jackson, Edward L. Patterson, Jos. Lartx i|iic*. 

At the first meeting of Trustees Prof. Van Amringc was chosen tem- 
porary Chairman, Prof. Ricketts temporary Secretary. The Chairman 
has appointed the following committees: 

Committee on Fin^nu e — R. Fulton Cutting, J. Adriance Bush, George 
Sherman, Isaac N. beligman, Wm. Fellowes Morgan,?, de Peyster Rick> 
etts, €x officio, 

CmKmUteeoH CmuHiuHon a/id Bj^Laws^^Jn^iHir T.Goodwin, John 
K. Rees, Robert C. Cornell, J. West Roosevelt, Lincoln Cromwell, P. 

de Peyster Ricketts, oficio. 

Committee on Permanent Or\ranization. — George G. DeWitt, Jr., Will- 
iam G. Lathrop, Jr., Nicholas Fish, T. J. Oakley Rhinelander, Charles 
E. Pel lew, P. de Peyster Ricketts, ex officio. 

Department of Mineralogy and Metallurgy. 

Metallurgy. — The metallurgical collection has recently received 
some very important additions. Last spring the Dixon Crucible Com- 
pany sent a collection of its products of manufacture, which is one of 
the largest and most important additions made to the metallurgical 
collection of the srhonl for a long time. The intention of the company 
is to eventually send all the raw materials as well as the products of 
manufacture, but the raw materials have not yet arrived. The manu- 
factured articles consist of 38 crucibles, the largest of which is 
inches high and 13^ in diameter, there being ten above 10 inches in 
height anil seven above 15 inches. The smallest of these crucibles is 2 
inches by i inch and y^^^. Besides these there are Bessemer stoppers, 
ladle stirrers, gold and silver stirrers and zinc retorts, which show a 
complete assortment of their manufactures. This is an extremely valu- 
able as well as interesting addition to the collection and is a very im- 
portant addition to the collections of the school. 

One of the most interesting and at the same time most valuable 
additions to the metallurgical collection that has been made in many 
years has been recently received from Tiffany Cs: Co., and coni>ibts of elec- 
trotype copies in copper of some of the most famous of their works. 
These include the DemidofT tankard, which is. probably the roost beauti- 
ful and artistic specimen of repouss^ silverware that ever was executed, 
and the Morgan salver, which is one of the most artistic specimens of 
flat chasing that has been made. Besides these there are S plants, 2 
flowers and 3 leaves, copied from nature, showing both sides and repro- 
ducing all the delicate lines and being about as tliin as the natural leaf; 
4 animals, a crab, a tortoise, a rabbit's head and a horse-shoe crab, 
showing both sides with all their delicate traceries ; 6 remarkably fine 
specimens of fine saw cuttings for silver-ware; a copy of the Gladstone 
silver bust presented to Mr. Gladstone by his admirers in the United 
States, the cast in copper being taken from the mould in which tlie silver 
casting was taken ; a medallion of William CuUen Bryant taken from 
the stiver memorial presented to him on his 8oth birthday ; a small 
lepoussi copper dish covered with a coating of red sub-oxide of copper, 

VOL, xtt.— 6 
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formed upon it naturally ; 28 specimens of alloys, representing in detail 
the famous Shak-udo and Shibaishi, made by sweating gold, silver and 

copper together, then cutting out parts of the various layers, of which 
the famous vase exhibited at the Paris Exhibition of 1889 was made. In 
addition to these are specimens of steel and brass spinning of metal to 
show how silver and other metals are spun from the flat. Some of the 
sprigs of plants are over t8 int hes in length and represent the plant 
exactly as it is found in nature. This is the most valuable collection of 
artistic metal work ever presented to the school. 

Mineralogy. — The mineralogical collection hasjutst received from A. 
M. Hoyt, Esq., 6 specimens of argentite ; 5 of these are handsome speci- 
mens with very large crystals. The other is 5 x 8 inches and is covered 
with large-sized and well-developcfi crystals, and is believed to be the 
handsomest single specimen which ever came to this country. 

Mr. F. A. Ileinze has presented to the collection a cluster of large 
enargite crystals which show the prism and the basal pinacoid ; the 
largest crystal of the group shows a prism face three-eighths of an inch 
broad. The smaller prisms are evidently compound crystals, the faces 
showing deep vertical striations. 

The collection is now being recatalogued, so many specimens having 
been 'transferred to conference and student collections that the accuracy 
of present catalogue is im[)aired. A great deal of work has been done 
since 1887 upon the mineralogical collection. In the eight vears be- 
tween i8j9 and 1887 only seventy-five new si)ecies were added. In 
1887 the increased force of the department made possible the prepara- 
tion of a list of all missing species and varieties, and in the two ensuing 
years two hundred and five new species and one hundred and thirty 
new varieties were added. It is believed that in completeness the collec- 
tion will now bear comparison with any in the country. A revised list 
of desiderata has now been prepared, and it is hoped that alt procurable 
species will soon be represented. Twenty-four wall brackets for large 
specimens have been put up* 

Department of Engineering. 

Mechanical. — An interesting extension of the facilities of the de- 
partment in the line of mechanical engineering has been recently 
effected. It is an effort to render more useful for purposes of instruc- 
tion and practice the very considerable steam and power plant which 
the College is compelled to operate for purposes of administration. 
The President h.is accepted a suggestion that fourth-year and graduate- 
students in engineering to be designated by the professor of this sub- 
division, be allowed access to the engine and boiler rooms in pairs, 
between the hours of two and six in the afternoon, during which time 
they shall be under the orders and direction (but of course without 
pay) of the college engineer who operates the engine plant, and shall 
do such labor around the engines and in the repair shops as he may 
direct. They shall have as much part in the actual manipulation of the 
machinery as they shall show themselves qualified for. 

These appointments are, of course, optional and voluntary for the 
present, but if the plan proves successful and popular, such assignments 
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to piBCtical work may in time be nuuie a regular feature of a late part of 

the engineering courses. 

These facilities and opportunities will, of course, be of special use to 
the students in electrical engineering, as they will give thena valuable 
practical familiarity with the running of a plant for incandescent light- 
ing. 

The development of the worlc in mechanical engineering has called 

for the appointment of an assistant in that department, who will have 
special charge of the laljoratory work, to be extended as rapidly as in- 
crease of facilities will permit. 

Mining. — ^The Summer School of Practical Mining, visited this sum- 
mer the Lake Superior Copper region. Five weeks were spent at the 
Osceola Mine and one week in the Marquette iron region. The class 
was under the charge of Professor Munroe and Mr. Woolson. 

Tbb Summer School of Surveying was held at Litchfield, Conn., as 
osuaL The new two-year course inaugurated last year went into full 

effect this summer. All maps and computations are now completer! be- 
fore leaving Litchfield. Professor Munroe's assistants this vc 11 were 
Mr. R. E. Mayer, T. T. Luquer, A. H. Freedman, G. J. Volckening, 
Jr., and H. S. Ives. 

Elbctrical. — ^The second year of this course has started under cir- 
cumstances even more favorable than last year. There are six students 

in the second year class and fourteen in the first-year class. A con- 
siderable number of new pieces of apparatus have been added to the 
collection, in addition to the set ot measuring instruments purchased 
last year. Among the most important of these may be mentioned a 
very large electro-magnet, with adjustable pole piece for experimental 
work, complete set of photo metric apparatus and a large induction 
coil. But the most important acquisitions are in line of practical ma- 
chines. These include an electric-lighting plant consisting of a twenty- 
five horse-power high-speed engine, a 200-light incandescent dynamo 
driven from one pulley of the engine and a four light arc dynamo driven 
from the other pulley, incandescent and arc lamps, switches, ampere 
meters, lightning arresters, etc. This plant is entirely separate from the 
looo-lighi incandescent plant used for lighting the college buildings and 
is of such size as to be easily handled and run liy the students and yet 
sufficiently large to be complete in every detail and thoroughly prac- 
ical. A screw-cutting engine lathe^ run by a one horse-power electric 
motor, has also been provided for the use of the students in making 
electrical apparatus in connection with their work. A five horse-power 
motor is set up ready to run small dynamos and other machines for 
testing purposes; storage batteries, transmission d\ nnnionieler, large 
rheostats for heavy currents, and other practical apparatus are also pro- 
vided for this year's work. 

The instruction both in lectures, which occupy about ten hours per 
week for each class, and in laboratory work, to which twenty hours per 
wet-k are devoted, is thoroughly practical and at the same time sufficient 
attention is given to the theory of the subject to give the student a good 
foundation to his knowledge. 
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Department op Chemistry. 

Analytical. — The Trustees have created the position of Assistant in 
the Quantitative Laboratory, and Mr. H. C. Bowen has been promoted 
to that position — a prom(j(ton well deserved. 

The {)Osition of Fellow in the Quantitative Laboratory, hitherto held 
by Mr. Bowen, has been filled by the transfer of Dr. H. T. Vulte to 
that laboratory. His work will l)e, to a considerable extent, the ex- 
amination of new methods of analysis, a work of great value and im- 
portance. The position of Fellow in the Quantitative Laboratory is 
for the present filled by Chas. Bullman, Ph.B. of '85. 

Dhcanic. — The Organic I^aboratory has been moved from the old 
building to the first floor of the School of Mines' iiuilding. The fourth- 
year chemists now occupy four alcoves at the east end of the Qualita- 
tive Laboratory, Dr. Wells and his students retaining the west por- 
tion, while Prof. Colby occupies the room vacated by Dr. Vultd. 

The change was accomplished during the first week in October, with 
little inconvenience to those concerned, the chief difficulty being to 
find sufficient storage room for apparatus and chemicals. 

The four alcoves have been fitted with steam, water and waste and 
exhaust pipes, so that the students in Organ i( Chemistry now have the 
same facilities which existed in the old place. The lecture-room for 
Organic Chemistry in the old building is retained for the present. 

Architectural Department. 

The Department of Architecture begins the new year, for the first 

time in its history, with a decrease in the total number of its stndents 
as romixired with last year. This is dne to the severe |)runing out of 
the three upper classes, resulting from conditions imposed at the ex- 
aminations last summer. A considerable number of students have either 
abandoned the jmrsuit of architecture, or have decided to continue its 
study in offices or in otiier schools. On the other hand, the first year 
class counts no less tlian thirty-seven members, of whom four have 
entered as repeaters and two as students from the School of Arts. The 
first class, under the special charge of Mr. C. A. Harriman, occupies the 
third floor of the "President's House," the rooms used last year by the 
second class. 

The exercises in elementary design in the second class are proving 
very interesting and successful as conducted by Prof. Ware. They will 
constitute a valuable preparation for the more serious work in design of 
the third and fourth years. 

Of last year's graduates all btit two have found ejnployinent in archi- 
tects' offices, several of them in very advantageous and responsible 
positions. Of the two not engaged in practice, one has abandoned 
architecture for the drama, and is a member of Daly's company, while 
the other expects to be "placed" very soon. Thi-> i> nn excellent 
record for a class whose whole course in college was creditable. 
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THE TREATMENT OF COPPER SLATES AT 

MANSFELDT. 

By T. EGLESTON* PH.D. 

The copper-mines of Mansfeldt* are the oldest of all the copper* 
mines now working in Europe. They produce the third largest 
quantity of copper made by any single company working anywhere 
in copper. It is one of the largest and best conducted enterprises 
in Europe, supporting directly and indirectly about 50,000 men, 
women and children. It mines a lean ore from thin beds through 
ten shafts from wet mines and produces some of Europe's best 
copper. As compared with what is done in our own country, the 
work there is very surpri.sing. It is possible only because the 
wages at Mansfeldt are less than half of those of the copper dis- 
tricts of Lake Superior and less than one^quarter of those paid in 
the copper regions of Montana and Arizona. The average yield 
in copper is greater than any mine on Lake Superior except the 
Catumet and Hecla, and, taking into account the silver contents 

* Tlii> jKipcr is tlie result of iwo visits to the MansfeUU works, made for the purpose 
of writing it, the la>t n( u hich was made in Se[)tcm!>er, 1S90. I \v:is not allowed to 
see processes No. 5 to 9. A great deal of information has been furnished to me by 
the company in answer to inquiries, and has also been obtained from two pamphlets 
pablished by the company, the one in t88i, and the other in 1889^ from which all the 
analyses and statistics have been taken. The diawinp were fvmisiied me by the com* 
pony at my r.--]iir>t. 
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of the ore, its value is greater than any mine in that district, but 
the pn^cosses rc(iuircti to extract it are much more complicated 
and delicate. The works have been the lahorat(My in which 
many of the most important discoveries m c rper and silver 
meta!lurf;^y have been made and the place in which the most 
delicate metallurgical processes for the separation of copper and 
silver have been successfully invented and carried out. They have 
set WW example to the whole world in the care and economy with 
which all the by-products are utilized and made to increase the 
profits of the works; nor are its hospitals and schools to be left 
out of account in summing up all the reasons why, with many 
disadvantages, it is able successfully to compete with other enter- 
prises more favorably situated. The process as a whole is not 
applicable in this country, but many of its details are, and very 
much can be gained by the study of its methods both of adminis* 
tration and working 

The early history of the works is somewhat obscure. The first 
mention of them appears in the ** History of Mansfeldt/' written 
in 1572, which says that mining was done tn 1 199 at Hettstedt, 
not far from Mansfeldt, where there are works to-day. According 
to other authoritieSy a Count Mansfeldt commenced the working 
of the ore in 1 215. Others say that it was not until 1364 that his 
successor commenced, but it seems quite certain that the Counts 
of Mansfeldt mined long before 12 15. The district around Hett- 
stedt does not appear to have belonged to the Counts of Mansfeldt 
previous to 1439, but they worked mines in it and paid royalties to 
the emperors long previous to that time. During the 1 5th century, 
they produced 2000 tons of copper a year. In 1536, there were 
95 small furnaces at work. As the furnaces all ran by charcoal, 
a law was made at that time that no more furnaces should be built, 
as there was not wood enough in the country to supply them all. 
This order does not seem to have been obeyed very long. About 
this time a numlier of furnaces went into private hands, and in 
1 568 a law was passed regulating the way in which the whole of 
the mining and smelting should be conducted, in which the rights 
of the Counts and of the private persons owning works were 
defined. 

The Counts of Mansfeldt were brave soldiers and spent money 
la\ ishly both at court and in war, but they were no financiers. 
In 1570, their debts having reached the sum of two and a half mil- 
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lion of guldens, three-fifths of their property went to their debtors. 
Up to t/So, when their family died out, their debts were over a 
niillton of guldens. During the thirty years' war the mines were 
almost destroyed, but in 1648 the Prince of Saxony, to which a 
large part of the territory had &llen, took the properly in charge, 
and finding that almost all the shafts and gangways had lallen in, 
made, in the year 1671, mining in the territory free under specified 
conditions. As the property was productive when there were no 
debts upon it, several companies were formed in the years 1674 
and 1675 to work the mines. They built at once four works, and 
a little later, two others, most of which exist under the same names 
to-day. These were : 

Ober Hutte, near Eisleben; Creutx Hiitte, near Leimbach ; Mittle 
Hiitte, near Eisleben ; Silber Hutte, near Mansfeldt. 

Then a little later: 

Wiesen Hutte, at Gross Oerner, and Gottesbelohnungs Hiitte, at 
the same place. 

In 1725 Kupferkammer Hiitte near Hettstedt was built 

These were worked by separate companies until 185 2, when they 
were all consolidated into the Mansfeldt Copper Slate Mining Com- 
pany. Connected at present with this company there are eleven 
works. The principle on which they are conducted is to preserve 
the old works as lar as possible and, at the same time, to so carry 
on the work of concentration that only valuable products will be 
transported any distance. To serve this purpose, most of the shafts 
are connected with the furnaces and the furnaces with each other by 
rail, fur which purpose the company own 18 locomotives and 446 
\va'f(»n-s. The ores which are to be brou-'iit to Krus'^ I liitte arc car- 
ricd by an o\erhead wire rope-way and an rl li\ ci cii automatically. 
Only lliobc which are brouL;lU to Koch I luUc arc transported over 
ordinary roads. Of the eleven works, four are used for roasting the 
raw matte, two for roasting and concentration, two for grinding and 
desilveri/.ation, one for refining, one for treating scorias and two 
others for hammering and rollinjr. 

These works are situated in or near the following towns, com- 
mcncin;^ at the south : 

Sangerhausen. Kupfer Hutte. Abandoned in 1885. 

t Krug Hiitte. 

Eisleben. < Ober HOtte. 

I Mittel Hutte. Abandoned. 
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Helbra. Koch Hiilte. 

r Eckhardt lliittc. 



Leimbach. 



J Creutz Hiitte. Abandoned. 
I Katherinen Hiitte. 
I Silber Hiitte. Abandoned. 
? Gottesbelohnungs Hiitte. 
Hettstadt < Kupfcrkammer Hiitte. 

iSeige Hiitte. 

The map, Fig, i, shows the situation of all the works and the 
means of transportation, both by railways and roads, and also the 
private railways belonging to the company. Creutz Hiitte, Silber 
Hiitte, Mittel Hiitte and Kupfer Hiitte have been entirely aban> 
doned and the property sold. Katherinen Hutte is only used for 
grinding the matte for desilverization. Since 1880, the company 
have employed over 10,000 men. In 1 888, they employed 14,178, 
13,960 of whom were engaged in mining. In that year, 469,716 
tons were extracted at a cost of 35.14 marks* per ton. 

The ores are composed mostly of chalcopyrite and cbalcosite, 
with small quantities of galena» blende, arsenopyrite and pyrite, 
associated with very small quantities of the ores of nickel and cobalt, 
and occur as slates in beds in the Permian formation between walls 
of sandstone and compact limestone. These beds vary from 0.34 m. 
to 0.55 m. .in thickness, but only a few centimetres are worth 
mining. The miners divide the beds ihto nine layers which they 
distinguish and work, though to the unpracticed eye but very little 
diflference is seen between them. The ores are covered by beds of 
gypsum, Vhich sometimes contains rock salt. As a general thing 
the lower layers of the ore contain the most silica and bitumen, 
while the upper ones contain more carbonate of lime. This allows 
of their being mixed in the furnace in such quantities as to make 
the charge self-fluxing. In the year 1889, the mines produced 
51 1,323 tons of ore at a cost of 33.57 marks per ton. This was 
gained by the extraction of 1459,360 square metres or 360.6 acres, 
or about 3 1 square feet per ton of mineral extracted. It may be said 
in general terms that the ore east of Eisleben contains 2 pef cent, to 3 
per cent, of copper and is the richest in silver ; that the siliceous ores 
west of it contain from 5 per cent, to 10 per cent, and about half as 
much silver as those to the east; those to the north contain about 



* A mark is equal to about twenty' five oenti. 
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Fig. I. — Map sbowini; ibe position of the Mansfeldt works. 

to the west. As they canic from the mine in the year 1879 
ores had the following composition : 
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They contain besides very small quantities of manganese, nickel, 
cobalt, zinc and lead, which were not detertnined. The ore is 
scattered irregularly through a bituminous slate in very tine parti- 
cles. It can be .seen with a glass but not by the eye except in 
the bright sunlight as very small specks, or where the pyrites 
is concentrated in some fossil, which is very often a fish.* It 
requires a great deal of experience to see anything in the unroasted 
ore, but after roasting, a partial concentration of the sulphides takes 
place, so that the copper pyrites becomes visible in small grains. 
Within certain limits the composition of the ore is constant, and 
by long experience the workmen become accustomed to the kind 
and color of the rock, and can tell very nearly what the mineral 
contents of any particular ground in the mine will be, so as to 
mine or leave it. This fact is not sufficient for smelting pur- 
poses, as the ore frequently contains considerable zinc blende, 
which might lead into serious error. The assay of the ore was 
formerly made by taking an assay sample of a considerable quantity 
and smelting it in a shaft furnace, the ^same furnace being used for 
all the assays. As some of the ore was frequently not reduced or 
the residues of a previous melting were left in the furnace, it gave 
too high results. The ores are now assayed both by the coloro- 
metric and the electrolytic, method. Assays are niade very fre> 
quently on the mine samples. To eflect this the mine sample 1^ 
broken to about the size of a walnut and then thoroughly mixed 
with a shovel. It is then made into square heaps about 0.15 m. 
high, which are smoothed over on the top and sides. From this 
pile the width of a shovel parallel to each .side is taken and placed 
by itself; another is then taken parallel to the two diagonals and 
placed by itself. The remainder is then carefully shoveled over 
and made again into a pile and the width of the shovel taken from 
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each diagonal. This makes three assay samples from the mine 
sample pile. Each one of these is reduced to powder and a small 
laboratory assay sample taken from it, for the determination of the 
value of the ore. 

The copper is determined as follows : Two grammes of the finely 
pulverised ore is placed in a porcelain crucible and heated in a 
muffle to drive off the volatile matter. It is then put into a beaker 
glass holding about 100 cc, and 10 cc. of a mixture of equal parts 
of nitric and sulphuric acid, with a few drops of muriatic acid 
poured on it, and heated on the sand-bath to dryness. The dry 
material is taken up with a mixture of one part of nitric acid and 
six parts of water, and warmed. The beaker is filled to two-thirds 
of its height ; a few drops of concentrated acetic acid is added to 
it, and it is left for a short time. The whole is then submitted to 
an electrical current without filtration. The electrodes are a small 
cylhider of sheet platinum which is connected with the negative 
pole of a Meidinger's battery, and a platinum spiral which is con* 
nected with the positive pole. The copper goes down on the 
platinum cylinder, which has been previously weighed, in eight to 
ten hours, and has a beautiful rose-red color. It is dried and 
weighed and the copper in the ore is thus determined. The de* 
termination of the silver is made by melting with lead and 
cupelling. 

The colorometric assay, as made in the raw matte smelting 
works, is done as follows : Two grammes of the pulverized material 
is placed in a porcelain dish, heated to redness, carefully stirring 
alt the while to bum oflf the bitumen. When cold, the ore is 
placed in a beaker glass with 15 cc. of a mixture of three parts of 
sulphuric acid at 30° B., and one part of nitric acid at 36° B., and 
heated in a sand-bath until the sulphuric acid disappears, when it 
becomes thick. It is then taken up in a graduated glass which up 
to a certain mark contains one and one-half times the volume of a 
normal glass, and then 30 cc. of pure concentrated ammonia 
added to it after which it is filled to the mark with water and stirred. 
It is then left to stand until the insoluble residue and the alumina 
and iron oxide have settled. Then a normal j^lass full is filtered 
off and the shade of color determined by comparison with a known 
quantity dissolved in a similar i^lass. This is sufficiently exact for 
all furnace work. The tubes fir comparison are made in the 
laboratory upon ores whose value has been ascertained in exactly 
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the same way. The avera}^e composition of tlic ores is 2^ per 
cent, to 3 per cent, copper and 0.015 per cent, of silver. 

The process of smelting consists of nine operations, which are 
carried on in the different works as shown in the table below. 

1. Calcining and burning the bitumen out of the slates, done at 
Kru£^ Hiitte, Koch Hiitte, Eckardt Hiitte and Kupferkammer 
Huttc. 

2. Smelting for raw or first matte, done at Krug Hutte, Koch 
Hutte and Eckardt Hiitte and Kupferkammer Hiitte. 

3. Roasting the raw matte and making sulphuric acid, done at 
Kupferkammer Hiitte and Eckardt Hiitte. 

4. Concentration of the roasted matte to a richer matte, done at 
Kupferkammer Hiitte and Eckardt Hiitte. 

5. Grinding, roasting, and desilverizing the concentrated matte. 

( Kathcrinen Hiitte for matte from Eckardt Hiitte. 
n. Grinding. < Gottesbelohnungs Hutte for matte from Kupfer- 
( kammer Hutte. 

b. The Ziervogel process carried out at Gottesbelohnungs 

Hutte. 

c. The electrical process carried out at Ober Hiitte. 

6. Smelting the cement silver, done at Gottesbelohnungs Hutte. 

7. Making refined copper from the desilverized residues, done 
at Seige Hiitte and Gottesbelohnungs Hiitte. 

8. Treating and refining copper scorias, done at Seige Hiitte. 

9. Hammering and rolling the copper produced, done at Rothen- 
burg and Eterrwalde. 

The roasting and matte smelting is thus done at four works, 
the matte concentration at two, the sulphuric acid is made at two, 
desilverization and electrolj^c work at one each, the refining at 
two and the hammering and rolling at one each. 

I. Cedcimng the On and Burning the Bitumen out «f it, — ^This 
process is carried oat at four diflerent works as already pointed 
out These works get thetr supply from the shafts nearest to them, 
or receive ore which is suited lor their peculiar work from other 
shafts. The quantity of bitumen as well as the contents of the ore are 
not the same from the diflerent districts, and hence, while the piles 
are all made in the same way, the details of the work vary slightly 
from one works to another. The ores are all brought from the 
various mines by road, by locomotive or by wire-roi>e tramway, 
w hich connect directly with the roasting yards. These yards, with 
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the exception of Koch Hutte, are situated at or above the level of 
the charging floor of the furniiccs. After being ucighcd. all the 
ore is run over grizzlies, the bars of wl^ich are from 0.005 0.0 1 

m. aj)art,to separate the coarse from the fines, which from some of 
the mines are in considerable quantities and from others in very 
small amount. The large pieces are roasted in long, narrow heaps, 
containing less than a thousand tons, which takes from four to five 
weeks. They were formerly roasted in large rectangular piles 
containing sometimes three thousand tons, which took six months 
to roast This method has been abandoned for the smaller, nar- 
rower heaps, which have been found to be much more profitable, 
as much less capital is locked up in them and for a shorter time* 
The fines are slightly moistened and pressed by machines, driven 
by steam, into bricks about the size of an brdinary brick, .and are 
either scattered throuL^h the pile of ore or are burned by themselves 
in a |)ile covfrvd on the outside with unburned slate. All the roast- 
ing yards are paved with slag bricks. They are usually back of 
the furnaces. At Krug Hiitte they are at one end of the line of 
furnaces. At Koch Hutte they are below the level of the furnaces. . 
At Eckardt Hiitte and Kupferkammer Hutte they are placed on 
the side of the hill above the top of the furnaces. The shape and 
size of the yard is determined by the lay of the ground, and varies 
from 100 to 300 m. in length and breadth. The piles are arranged 
in the same general way, which is usually at right angles to a wall. 
The height of the pile is generally from 2.5 m. to 3 m. These 
piles have usually the same height and width, but vary in length 
according to circumstances. The width is usually 4 m. on the 
ground and 2.5 m. on the top. The length varies from lO m. to 
200 m. The wall ski its the edLje of the yard wlien it is of irregu- 
lar shape, as at Krug Hiitte, or is at one side as in most of the 
other works. In this wall steps are placed at rcLjuIar intervals to 
go to the level of the bottom of the piles. The top of this wall is 
connected by mine road with the supply of the ore. At Krug 
Hutte this supply comes by wire- rope tramway in two opposite 
directions. All the wagons arrive at the same place on a high 
wooden platform, and ai« all shunted by one man, who empties 
them into shutes, from which the ore-wagons for making the piles 
are filled. The permanent lines of railway for these wagons end at 
the top of the wall, and are at right angles to it In all the other 
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works, except Krug Hutte, the ore arrives either by train or by 

cart 

When the space for a pile is empty, the place which it is to 
occupy is outlined by making two piles 0.65 m. high and wide, which 
represent the outside of the pile which is to be built» leaving the 
space between the two empty. This is done by the man in charge 
of tlic roasting yard for the whole length which the pile is to be» 
wlien finished. On top of these two piles a little brushwood is 
laid and kept in its place by large pieces of ore laid on it. When 
this has been done, the ore is dumped from the top of the wall to 
the height of the two piles and made level with them for a short 
distance. A plate of sheet* iron is laid down at its end for the 
empty car to turn upon, and two rails bent up to catch the wagon 
and prevent it from filling over when it is emptied, and the ore is 
dumped from the wall into ore-cars on a level with the top of the 
low pile, and a certain length between the two piles is filled up with 
ore without any fuel. Rails are laid down on the top of the low pile 
so constructed, having sheet-iron at the end for a turntable. A 
large quantity of mine rail bound together by iron ties in lengths of 
4 m. is kept constantly on hand, and this is used both for the purpose 
of constructing the piles and of taking them down. They are very 
quickly laid down and taken up. The pile is then finished to the 
height of the wall for the distance to which it is filled between the 
side, piles below, the tracks and turntables being put down as the pile 
advances. When this is completed, bent rails to catch the tipping 
cars and prevent them from falling on to the lower level are placed 
above, and another twenty metres of the pile is finished below to 
the height of the outside pile, and so on until the pile is com- 
pleted. It generally does not take more than three or four days 
to build a pile holding 600 to 800 tons. There is a great advan- 
tage in building the pile in this way, both as to economy of con- 
struction and also as to the burning of the pile, for the constant 
tianspt)rtati(>n over the two sections of the pile serves to settle iL 
aiul :nakcs the pass,i;^c of the air K'ss easy, and when there has 
been an a<i:;;4lonieratior\ from too much heat, makes the a;4^U3iner- 
ateil masses in the heaps break up easier, so that the\^ can be 
transported. These piles are placed toi^cther as closely as pos- 
sible, only sufficient room to walk between them beinjT left. When 
the pile is to be lii^lUed, it is done along both sides of it with red- 
hot slag. This is placed both on the brushwood and under the 
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slates. There is sufficient bitumen in the slates for them to take 
fire easily, and the pile require.-^ but luile watchint;. except to see 
that it is well lighted at the start, after which it is left to itself. 
The burning takes place entirely in the open air, but the piles 
rarely go out. The jjiles vary from 200 to 800, or even a looo 
tons, depending on their length. It takes usually from four to six 
weeks to burn a pile, depending upon its size and the quantity of 
fines it contains. The ore loses from 8 to 20 per cent, in burning, 
most of which is bitumen, though some of the ores contain a 
little carbonic acid. The pieces do not differ in shape af^er burn- 
ing, but are a little more friable. It is readily seen in the daytime 
that the piles are hot in the middle, but no flame is seen except at 
night, and then only a very short blue one. 
In 1850 the analysis of the roasted ores was : 
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The sulphur was not determined. 



It was thought at one time that it might be desirable to save 
the bitumen in the slates. An attempt was made to distil it out 
in retorts, but it did not prove profitable. 

The reactions which take place in the pile are very slight. The 
bituminous matters are volatilized and burned. The carbonic 
acicl is driven off! A v^ery stuall quantity of the sulphur and of the 
arsenic and antimony is driven off, but the main re sult is to get 
nd of the bitumen. When finished, tlu* ore is, in most of the piles 
at the front, u liere the brushwood was used, more or less sintered. 
To overcome any inconvenience which might arise from this cause, 
the ore below this point is taken out first on both sides for some 
depth over a considerable length. The sintered part is supported 
by wooden props. When these are removed the falling of the top 
generally breaks up the sintered lumps, and those which are too 
large are usually broken up with a triangular hoe. 

Flue-dust from the furnaces, when it does not contain lead, and 
the fines of the ore are made up into bricks and roasted in the 
piles. This is done by moistening them with water and pressing 
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them in a brick machine. When there is but a small quantity of 
the fines, these bricks are scattered through the piles of ore, but 
when there is a very large quantity of lead, as there frequently is 
at Eckardt Hutte, the dust is collected for a special treatment 
At Koch Hiitte and Kupferkammer Hutte the quantity of fines 
is so lar^e that they are obliged to treat them separately. These 
fines come from tlic siftin<T of the ore at the mines which still con- 
tain bitumen and from the siftinL,^ of the ore at the piles which 
contain none. The two are mixed together by making a pile to 
whicii alternate shovels of the fine burned and unburned ore. pre- 
viously wetted up with a little water, are thrown. When the pile 
is about 0.40 m. high and of the same diameter, it is mixed tc^ether 
and made in a machine into bricks 0.25 m. X O.12 m. X 0.06. m. 
These are dried and burned. They are not very strong when they 
are finished, but are much better than the fines, and when burned 
are strong enough to be charged in the furnace. At Koch Hutte 
the quantity of fines to be treated is so large that they are burned 
in piles made exclusively for them. To do this a pile is laid out in 
the regular way, the bottom being prepared with ore as usual. On 
this the bricks are piled, leaving spaces between them for the air to 
circulate. This is done up to about 0.40 m. of the top. The sides 
are made to recede rcgularl\' in stei)s, leaving about the same space 
from the outside of the pile in eacli bed, so that the cover is sup- 
ported in each layer about the length of one brick. The top and 
sides are made of the slates and the pile is burned in the ordinary 
way. This disposes in a very advantageous way of all the fines. 
In these piles copper sulphate is often seen on the surface of the 
bricks, while it is rarely seen on the ore. None of the roasting 
yards are completely covered with piles. There are always a 
larger number under treatment than being taken down, and plenty 
of space to build new piles. At Krug Hutte I counted ten that 
were 50 to 60 metres long or longer, with many others of smaller 
size. 

When the pile is finished the ore is carried away in iron wagons 
which tip f(»rward. Two piles are built very close together, but 
this causes no inconvenience in takin.; them down, for generally 
the two heaps together are being loaded into wagons, and they 
arc so arranged that when the rails cannot be laid on both sides 
of the pile, they can be in front of each, and then as the end is 
removed faster from one than the other, one at least of them can 
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be attacked from boih sides and the end. If the pile contains 
600 to Soo tons, it has taken three days to build it, four weeks to 
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Fig. 2. — Krug HQttc Furnaces. 
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burn it and eight days to take it down, so that every ore- roasting 
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heap fpncc may be occupied at least eight times a year. The 
piles arc quickly taken down, as in two of them the incline is 
from them towards the top of the furnace. At Eckardt Hiitte, 
wherr the ore contains less bitumen, the piles are burned in fifteen 
days, and the space can be oftener occupied. These slates lose 
only about ei<^ht per cent, of their weight in hurnin[^^ 

2. Srncliing for Raiy.^ or First Matte. — From the roasting piles the 
slates go directly to the furnaces. They are carried in iron wagons 
which hold one-third of a ton. They, however, are weighed before 
being charged into the furnace. The construction of the wagon is 
different according to the position of the roasting heaps and also 
the kind of furnace u.sed. For the furnaces which have charging 
apfaratus they tip forward. At Eckardt Hutte they are cup and 
cone wagons. The wagons are raised to the top of the furnace^ when 
the roasting heaps arc below, by a lifr. When they are above the 
top, they are pushed down by men. The furnaces u.sed for smelting 
ore are of different sizes and types, and vary in number in the 
different works according to the work to be done. At Krug Hiitte 
there are four; at Koch Hiitte there are six ; at Eckardt Hiitte 
there are five; and at Kupferkammcr Hiitte there are three ; or 
1 8 shaft furnaces in all. These furnaces are shown in Figs. 2, 3 
and 4. They are of two kinds. In one of them, the hearth is 
entirely interior, where the .separation of the matte and the slag 
takes place by the difference in gravity between the two, in the 
furnace itself The slag discharge, which is 0.60 m. above the 
hearth, allows the melted slag to flow continuously, while the 
matte collects until it is so near the level of the slag that if it is 
allowed to rise any higher, the slag will be likely to contain grains 
of it The matte is cast through a tap-hole on a level with the 
bottom of the crucible into conical vessels, where the grains of 
matte which may have been carried oflT by the slag will have a 
chance to settle. These furnaces. Fig. 2, are in use at Krug Hutte 
and at Kupferkammer Hiitte. In the second kind of furnaces 
there is no interior hearth. The slag and. the matte flow out to- 
gether to the fore- hearth, as in the works at Koch Hiitte, Fig. 3, 
and Eckardt Hiitte, Fig. 4, and also formerly in the works at Sanger- 
hausen which arc now abandoned. The slag flows continuously 
from the fore^hearth, but is caught in a series of conical vessels in 
order to give any grains of matte carried ofl* in it time to settle. 
The matte is cast in thin plates on cast-iron floors, so that it can. 
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when cool, be broken up. The shape and height of the furnaces is 
also different, which is owing to the constitution of the ores. Those 
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Ftc. 3.— Koch Hmte Fnnwces. 
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where high furnaces are used* as at Krug Hutte, contain but little 
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\xk)\\, so tlial they can use hot blast without danger of <;ows, while 
at Eckardt HQtte, low er furnaces and cold blast must be used on 
account of the danger of funning them. The presence of much zinc 
in the ores also requires lower furnaces. The furnaces with no fore- 
hearth require a higher pressure of blast. They often, when work- 
ing at their full capacity, treat as much as i6o tons of ore a day, 
but as their reducing action is at a maximum, they produce iron 
sows which retain some copper and make the working of the fur- 
nace difficult. Those with interior*hearth, in which the whole con- 
tents of the furnace is discharged into a receptacle entirely outside 
of the furnace, refjuire a less pressure of blast, but they cannot 
treat more than ICO tons of ore a tiay. This diminution in pro- 
ducUoii IS more than compensated for by the fact that all the 
metallic iron produced passes with the other contents of the fur- 
nace into the fore-hearth and consequently no " loups " or " sows " 
are formed in the furnace. The charging apparatus at Krug H utte, 
Fig. 2, and Koch Hutte. Fig. 3, is the cup and cone, which is 
moved by a crank by hand. The crane has one large wheel with 
a small pinion. The cone is so arranged that it can be either 
raised or lowered. At Kupferkammer Hutte, Langen's charging 
apparatus is used. At Eckardt Hiitte, Fig. 4, the throat is en* 
tirely open and a cup and cone wagon is used. To avoid any 
danger which might arise from this disposition, the front of the 
thruat is closed by an iron i;i .iling, which opens automatically when 
the chargiuL,' wagon approaclies it, and is closed in the same way 
when it is witlulrawn. Hy these arrangements the charge can be 
made just where the working of the furnace requires it to be. 
Generally, the ore is charged against the sides and the coke in 
the middle. When mechanical chargers are used| care is taken 
to close the joints of the cup and the cone, as soon as a charge has 
been made, with fine ore and to cover over the charge after it has 
been put into the hopper with wooden covers. 

The blast for these furnaces is produced by either steam or water- 
engines. These last were largely used at first, but are now aban- 
doned, except at Eckardt Hutte, The steam-engines are arranged 
as shown below ; 





No. 


HofM 


Cub ni. of » iiid 


Pressure 




power. 


per minute 


of water. 


Krug Hikue, 


. 4 




700 


1.5 lU. 


Koch HOUe, 


. 3 


80 




t.O 


Eckftrdt HQue, . 


. a 


40 


180 


0.6 


Kupferkammer Hfltte, 


. 3 




180 


1.0 




Digrtized by Google 



TREATMENT OF COPPER AT MANSFELDT loi 



In addition to these, there are at Eckardt Hutte, two screw ma- 
chines (CagniardellesX which are run by water-wheels when there 



Section on A B. 




Section at the Tuyeres. 




Fig. 4.— Eckardt Hfltte Furnaces. 
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Scale of Metres. 



is sufficient water to use them. The quantity of blast, as well as 
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its pressure, is regulated by the needs of the furnace. The amount 
consumed per ton is : 



At Krug Hiitte, the blast is heated by two pistol>pipe ovens to 
200^ to 300^ C* but this serves for two furnaces only. One i%*as 
out of blast and one was run with cold air. There was not com- 
bustible gas enough to furnish the boilers and heat the air for all 
the furnaces at the same time. At Kupferkammer Hiitte tlte blast 
is heated also in pistoUpipe ovens to 125° to 130** C or even 150^ 
C, depending upon the quantity ol combustible gas given off. At 
the other furnaces the blast is cold, but the gases at Koch Hutte 
are taken off and burned under the boilers. At Krug Hiitte there 
are two spherical r^ulators about six metres in diameter and in 
addition, a conduit pipe, the length of the furnace^house, and one 
metre in diameter. Generally, there are np special regulators, the 
blast conduit pipe being sufficiently long and large to serve for 
that piupose. The tuyeres are of copper and water cooled. The 
number of tuyeres for each furnace are given below : 

Krug Hatte 6 

Koch Hutic 4 

Eckaidt ifOlte, 3 

Kupferkammer Huue ...7 

The numberpf tuyeres depends upon the quantity of blast to be 
delivered to each furnace. As the slates usually contain all the 
material re(|uired for making a fusible slag, nothing but materials 
containing copper, which arc rich slags contaiiiiii;^ grains of matte 
which come from ihc different furnaces, arvj added. Occasionally, 
when the ore contains an excess of silica the \ ery basic slates 
from the mine roof are used. Formerly, fluorspar was used as 
a flux and gave a blue, brittle slag, which cooled quickl)- and 
was not .suitable fur the manuficture of slag — stone or bricks. It 
is no longer used except when the slag becomes pasty and the 
tuyeres are dark, and then only to cure the difficulty. The fuel 
u.sed is exclusively coke from Westphalia, which has nnly five per 
cent, of ash. It it quite strong and from 125 to zoo kilos per ton 



Krug Hfitte, . 
Kupferkammer IlUtte, . 
Eckar<Jt Ilaue, . 
Kodi Ufttte. . 



183 Cb. M. 
88 
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of ore is used, according to its fusibility. The average for 18S9 
was 185. The temperature of the gases escaping from tlic top of 
the furnace is from 100° to 300*^ C. They are carried into dust 
chambers of masonry through cast-iron pipes. The dust collected 
there is made into bricks and burned with the ore. After passing 
the dii>t-chambers the gases at Eckardt Hiitte esrau into the air. 
At the other furnaces they serve either to heat the boilers (^r the 
air or botb, in order to make use of the carbonic oxide which they 
contain, the quantity depending on the greater or less quantity of 
fuel used. 

The analyses of these gases is given below: 





Kni| Mfiiic 


Koch Hltti«. 


Eckardt 
HOtte. 


KuplerlcAmnier Kilue. 






»B68. 


i880. 


1881. ! 18B8. 

1 


Carbonic acid, . 
Carbonic oxide, 
Oxygen, . . . 
Xitfogciii ... 


10.8 
16.8 
0.4 
72.0 


93 
18.8 
. . . 
71.9 


II. I- 
20.6 

68.3 


15.2 

» « • 

7i.a 


150 '5 5 
14.0 12.8 

■ 

o.t ... 
709 1 7«.7 




100.0 


tooo 


loao 


1000 


1000 j too.o 



Furnaces with interior hearths arc used at Kru;.; IlnUe and 
Kuf>ferkaniincr Hi.Uc. At Krug Hiitte there are four. I-'ig. 2; at 
Kuj)ferkammer Hnttc there are three. One of these is hciii^ rebuilt 
on the model of those used at Koch Muttc, Fig. 3. It is prol)able 
that one other will be rc inotlLletl in the same wav. The arrange- 
ment of these furnaces differs but little. At Krug Unite the lore- 
heartii is made of two ca^t-iron vessels in the shape of truncated 
cones set un the largest base. The)' ,ire 0.7 > m. on the bottom 
and 0.60 m, on the top, «nd arc 0.75 m. high. On the bottom 
of each is an opening, which below is 0.15 m. long and o.JO ni. 
higii and 0.35 m. wide. Tiiere are two of these vessels set facing 
each other .11 the platform of a cast-iron car with four wheels, so 
th.it th<' openings face each otlu r and form when connected a canal 
coniinunicating witli both The joints are luted with clav. As 
the t>jp of the wagon jirojccts considerably over tl»c wheels, it 
UDuld. while mo\ ing away from the furnace and being manipulated 
afterwards, be in a state of unstable equilibrium, so that a set of 
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V-opcnings are cast on the under side, into which temporary feet 
are. placed while it is being manipulated or when it is drawn away 
from tlic fumace, to prevent its tipping over. There are also places 
cnst in the same way on the bottom to receive the handles with 
which the wagon is sho\ when it is moved. These are inserted 
and the wagon pushed. The Brst one of the conical pots is sHghtly 
lower than the one next the furnace, and has two cast-iron spouts 
bolted on to it at the top, one in the direction of the long axis of the 
wagon and the other at right angles to it, about 0.20 m. wide, 0.25 
m. long and 0.20 m. deep. They are used alternately when it is 
necessaiy to change the overflow slag pots when one is full and an 
empty one is to be placed to receive the slag. On one side at the 
bottom is a hole, for tapping the matte, which is collected at the end 
of the run. The slag flows from the furnace into the first vessel ' 
and through the opening in the bottom into the second, and from 
there through one or the other of the spouts into the ordinary slag 
wagon on wheels, and from the slag collected in these the matte 
knobs are broken when the slag is cold. The slag is pasty, but is 
poor and can be thrown away. At the time of casting the matte, 
which is done every eight hours, this fore>hearth is removed. When 
it has become sufficiently cool, the slag and matte from the inside 
is tapped out at the bottom. This is collected in a conical pot. 
The knobs are broken from it, but all this slag is sufficiently rich to 
be retreated, and goes back into the furnace after the interior has 
been tapped out. The two cast-iron pots together are lifted off the 
platform of the wagon by a crane and held for some time in suspen> 
sion. The slag which is cooled on the outside, is a casting the 
shape of the inside of the pots and remains on the platform. 
During this manipulation the temporary feet arc placed under the 
wagon. After a little time, when it is solid, the slag is pried off 
of the platform of the wagon, and is thrown to the ground, and in 
a^out twelve hours is picked over. When all the slag is off, the 
platform is covered with sand or ashes, the top placed on it, and it 
is ready for use again. The fore-hearth is made' over in this way 
every eight hours. 

At Kupferkammer Hiitte and Koch Hutte the detsuls of remov- 
ing the slag are somewhat difierent, although the principle is the 
same. The slag runs from the fumace into a conical cast-iron pot on 
wheels, 1.30 m. in diameter and i m. deep, which, when the matte 
has been cast, takes about fifteen minutes to fill. While it is filling. 
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the spout is dammed with ashes, and when it is full the top is also 
covered with ashes. The dam in the spout is removed and the 
slag flows over into a receiver. This receiver is made of two 
wagons, the cast-iron tops of which are covered with cast-iron 
boxes having sloping sides. They are the ordinary slag wagons of 
the works. They are i m. long, 0.7 5 m. wide below, and 0.75 m. long, 
and 0.55 m. wide above, and 0.75 high. These wagons are keyed 
together so as to be })eiTcctly firm. On the lower part of these 
boxes there is an opening 0.30 m. wide and 0.25 m. high on the 
facing sides of the two wagon*^. This is covered over by a piece of 
iron bent twice at right angles so as to form three sides, which are 
firmly clamped after being hammered to place. On the outside of 
. the wagon two spouts at right angles to each other are placed, 
one being dammed while the other is running, and under these the 
ordinary slag-pot is placed. All the joints in the two wagons are 
closed with clay, and ashes are thrown over the bottom to prevent 
the slag from sticking. The conical pot and wagons have open* 
ings in them at the side at about half their height. The one in 
the conical pot next the furnace is closed with clay, those in the 
wagons with a plate of iron placed over it and held in place by a 
rod, against which a wedge is adjusted for the pur[)()se. The 
object of these hole- is to tap off tile up])er part of the slag in cacli 
when the\' are removed just before casting the matte. This slag 
is poor enough to be thrown away. The slag below is rich and 
must be saved. The conical pot in front of the furnace and the 
wagons are entirely independent the one of the other. When the 
conical pot is half full ashes are thrown on the sur&ce to prevent 
loss of heat This cover is increased little by little until the pot is 
litlL The wagons are treated in the same way. When they are 
full the overflow runs into an ordinary slag wagon. 

At the time of casting the matte, everything is removed from 
the front of the furnace, the poor slag on top of the conical pot 
and the wagons is tapped off, and the wagons carried to the crane 
^to have their sides removed. The conical pot is turned over and 
the rich cone of matte below broken o(T. All of the slag remain- 
ing in both pf)t and wagons is broken up and goes tlirough the 
furnace. At some of the furnaces these pots are round, cast in 
two pieces, and the conical pot is the overflow. No special differ- 
ence is found in the working of the two. If any difference is found- 
it is in favor of the round on account of the simplicity of the cast- 
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ing. On the other hand it must be said that there must always 
be a number of extra slag wagons on hand, and that this disposi- 
tion reduces the number of castings required for the works. 

When the crucible of the furnace is full, which is ever}' <-'<ght 
hours, the matte is cast by a runner into a bed, the bottom of which 
is made of cast-iron plates and the sides of a dam 0.15 m. high. 
These beds arc from 5 to 6 m. square, their size depending' on the 
space which can be utilized near the furnace. The matte is cast 
through a runner made of cast or wrou^^t iron lined with clay. 
To prevent the matte from spattering and to make it run evenly, at 
Kupferkammer Hutte, two rings of cast-iron, 0.50 m. in diameter, 
one above the other, are placed at die end of the trough which 
serves to spread the matte. The matte contains 30 per cent, to . 
50 per cent, of copper. The ordinary run is 12 tons of matte, but 
18 tons are sometimes made. In the old style of furnace at these 
w orks, as much as 1 50 to 160 tons of ore and slag were put tliroug^h 
the furnace, but, in the new one being built, not more than 100 
tons cm !)e treateil, the object of which is not to charge any more 
of the rich slai;s from the matte concentration, which, in the near 
future, u ill be smelted by themselves. The old Uii naces have seven 
tuyeres; the new ones t.nly four. They have frequently to be 
rodded. Once a week, in these works, the whole charge of the 
furnace is run out into a basin in front and the hearth cleaned. 
The matte is cast from this receptacle. The slags are very rich 
and are pvit back into tlie furnace. GeneraUy, much zinc oxide 
and fumes of sulphuric acid are given off during the time ot casting 
and from the matte bed. When it is cool, the matte is covered 
with su!i)Iiur. which coiiLiiuies liquid long after the mntte i-^ black. 
Willie the casting is going on, after the matte is in the bed, as 
many as twelve as.say samples are taken in a h'ttlc iron spoon 
attached to a long handle. These are cooled in water and arc 
collected in an iron box. IMany samples of the slags are taken 
just before casting by plunging an iron rod into them, which is 
immediately cooled in water. When all the matte is out of the^ 
furnace and the slag commences to run, the end of the casting 
trough is closed. The slag and matte which collect in it are sepa- 
rated when cold. After every fifth casting at Krug Ilulte, the 
whole contents of the crucible of the furnace is allowed to flow 
into a conical receptacle made at the sides of the furnace, which 
is lined with brasque and which is 1.20 m. in diameter and i m. 
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deep, in order to effect a liquation and to get rid of the sows which 
commence to form^ The bottom of this basin is divided into three 
parts hy slag blocks to make the separation of the sows easier. 
When the basin is full, it is covered with ashes to keep in the heat 

and allowed to remain for six hours. The matte is then taj)]jccl 
fron» top. The contents of the basin separate into two distinct 
parts. The bottom is an iron sow containinp^ copper and very rich 
in nickel, and is sold to luigland. The upper part is matte, which 
is cast as usual. The tap-hole is opened with an iron point, which 
is driven in with sledges. W'hen it cannot be easily withdrawn, a 
\'oke is attached to the end and it is driven out with sledges. 
When the tap-hole has been eaten out« so that it is no longer round, 
it is filled up with clay. This is done b)* pressing the clay around 
' a stick the size that the tap-hole ought to be.' This is driven in 
tight up to the level of the ordinary tap-hole opening. The front 
is stopped with clay as usual. The stick burns out and leaves 
the tap-hole the usual size. The tuv eres need constant rodding. 

The furnaces at Koch Hiitte and Eckardt Iliitte, Fijjjs. 3 and 4, 
are quite similar in construction, those at Eckardt Hiitte being 
lower and worked with an open throat, wliilc those at Koch Hiitte 
are much higher and are charged with a cup and cone. At Koch 
Hiitte there are six furnaces arranged in a line. The furnaces 
have an iron mantel, which is 1.20 ni. above the tuyeres. This 
mantel is 1.50 m. high. The wind regulator is a conduit, 2 m. in 
diameter, which is supported in front of the furnace by hangers 
from the roof The gases are taken from the throat and burned 
under the boilers, but the furnace is run with cold air. Each fur- 
nace has a dust chamber, 2 m. square and 5 m. high. The dust 
is mixed with fine ore made into bricks and burned in the piles. 
The sla^ is made into bricks in a yard hack of and on a level with 
the bottom of the furnaces. The bottom of the furnace is i m. 
above the ground and is surrounded by a set of cast-iron plates. 
The top of it is reached by steps. Between these walls are the 
conical pots into which the contents of the furnace, slag and matte 
together, flow continuously. These pots are lined with brasque. 
The overflow from these fore-hearths runs into slag wagons con- 
structed on the same principle as at Krug Hutte, but differently 
arranged as already described. The furnace is tapped every eight 
hours into each one of these basins alternately, and from there 
tapped into the casting beds, which are paved with cast-iron and 
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are at the comers of the furnace. Wlicn, after eight hours* con- 
tinuous discharge of the contents of the furnace into the reception 
basins, the matte is to be cast, the fore^hearth is taken away. The 
crust on the top of the conical basin is broken off and a rod run 
through the tap-hole from the inside of the matte basins. In 
order to keep the matte from spattering as it runs out, an iron 
ring, 0.25 m., covered with clay, is placed at the end of the trough 
and in this way the matte is distributed o\ cr the entire surface of 
the castinL^-hcd. Some of the slag runs out with the matte and 
this is easil) removed with an iron tool and is immediately put 
back into the furnace. During the casting or after it. while the 
matte is still liquid on the casting floor, six assays are taken with 
a spoon from different parts of the matte bed. When the tapping 
is finished, the tap-hole is plugged, the men doing it, being pro- 
tected with an iron screen. At Elckardt Hiltte, there are five fur- 
naces, one of which is used for smelting the dust bricks containing 
lead. Compared with the other furnaces, they are very small, 
being only 5^^ m.in height and 1.35 m. at the hearth. They have 
only three tu>'eres. They are charged with a cup and cone wagon, 
which makes the charge into a hopper set in the top of the fur- 
nace. The entrance to the throat is closed with an iron door 
which opens autom itically. The gas outlet i> near the top. The 
pipe runs up and then back into a lar^^t^ r\-linder in fr^nt of the 
furnace. The dust collected in it is settled in hoppers and dis- 
charged from them by pipes with slide valves. The matte is cast 
into a conical cast-iron vessel. The slags are very liquid and run 
easily, so that only one conical overflow pot is used. They are 
very poor, containing not over 0.2 per cent of copper. In twenty- 
four hours, 95 tons are treated. The coke used is 3 per cent of 
the charge. 

The reactions which take place in these furnaces are very simple. 

The slates, having been previously calcined, contain very little 
foreign matter which can be diiven off b\' heat, but what httle 
there is goes off with the gas By the time the luidiilc of the fur- 
nace is reached the temperature is high ennugli to decompose the 
sulphates which have been formed during the roasting, and to 
drive off any carbonic acid which has remained in the slates. 
The oxides are reduced in contact with the coke and the carbonic 
oxide, and as there is an excess of sulphur, become sulphides. 
When it comes down to the hearth, the heat is high enough to 
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melt the charge. The silica attacks the unreduced oxides and 
earths and forms silicates, which melt. The reduced metals com- 
bine with sulphur and melt into a matte, which, beinjj of much 

greater <;ravity than the silicates, se[)arate from them in the cru- 
cible, hut. as the sulphur is always in excess, part of it is volatil- 
ized and forms, with the reduced zinc, deposits of sulphide of zinc 
in the upper part of the furnace. Part of the reduced zinc passes 
into the air and is oxidized and deposits in part in dust chambers 
or is carried into the air. Some of the zinc passes into the mattes 
and part is oxidized while the contents of the crucible are dis- 
charged in tapping. A considerable amount of dust carried off 
by the gases collects in the dust chambers. When this contains 
sufficient copper it is mixed with the fin^ ore and made into bricks, 
which are roasted with the ore. At Kupferkammer Hutte the 
dust collected from these chambers contains considerable quanti- 
ties of lead. This is sent to Eckardt Hiitte to be treated for 
lead, with the dust which is collected there, which contains ten 
per cent, of lead and two per cent, of cupper. Not more tlian 
50 per cent, of this material is collected at Pxkardt Iliitte, as the 
furnace runs with an open throat. The lead which is contained in 
the dust is divided as follows : 

Regained, .50.1 per cent. 

In the maUe, I5.4 " 

In the ^rnria, ..*.,.... 25. ** 
Volaiilizcd and lost 9.5 " 

100 " 

The furnace in which this dust is treated is blown with the 
Caj^niardclles. which work very slowly but give plenty of press- 
ure. Bc-»ides the shaft furnaces for matte, there is in the same 
buildin;^ at ILckardt Ilutte one small furnace for the treatment of 
dross and one for the treatment of the concentrated matte slaijs. 
The quantity of ore treated per day in each of these furnaces is 
given below : 

Krttg HQlte ij6ions. 

Koch !Iutte, loi •* 

Kupferkammer HOtte, ».U " 

Eckardt UOtte, ik> " 

As the result of the fusion* several substances are produced. 
The most important one of these is matte. There are produced 
besides, the slag and a small quantity of iron sows and of attach- 
ment to the furnaces, such as cadmia. The sows contain a very 
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lan^^c number of snhstaiiccs. These arc iron, m:\n![i^anese. cobnlt, 
nickel, zinc, arsenic, mul)'btlemini, vanadium, copper, silver, sul- 
phur, carbon, phosphorus and sihcon. The cadmia are made up 
of zinc oxides and sulphides, which contain some unmelted slates 
and coke dust. The mattes are of a blueish, iron gray color, and 
correspond to the blue mattes or regulus of the En^jjlish process. 
It varies somewhat in composition with the ores. It has a specific 
gravity of 4.7 to 4.8* Those from Kupferkammer IT iitte, where 
the zinc is in large quantity, contain whitish streaks. These run 
from 30 to 50 per cent of copper, and from a I to 0.8 per cent of 
silver, with more or less large quantities of iron manganese, cobalt, 
nickel, zinc and lead. The quantity of sulphur they contain is 
usually 33 to 27 per cent. If the mattes are cooled rapidly in thin 
sheets they are quite compact, but when they cool slowly and in 
1 irrre masses they contain bubble-holes filled with moss copper. 
When cast in thin plates the copper does not have time to sepa- 
rate, but when cast in conical pots, where the cooling takes place 
from the outside in, and slowly, the separation always takes place, 
especially where the mattes contain from 40 to 50 per cent, of cop- 
per. When they are richer or poorer it is not so apt to form. 
The moss always forms in the bubble^holes produced by the evo- 
lution of gas, and when the cooling takes place rapidly these do 
not have time to form. The composition of the matte ts very 
nearly Cu^ -j- Fe,S. When the sepsiration takes place, the 
reaction is, according to Scheerer. Cu,S + Fe,S = Cu, -f- 2 FeS. 
The matte is rarely crystallized, and when it is, it is a combination 
of the octahedron and cube. 

The quantity of ore treated in 1889 was 502,750 tons, which 
yielded 39,588.4 tons of matte. Of this amount, 

Krug HQUe treated. 132,150 

Koch HQU^ ** 150.000 

EckardtHmte, " 116,000 

Kupferknmmer II Que, " 104,600 

502,750 

The yield of the ore, deducting the rich slags and furnace resi- 
dues which have been added to the charge, was, in 1889, 3.292 
per cent, of copper and 0.0194 per cent, of silver or six ounces to 
the ton. The quantity of malte produced was 8.47 per cent, of 
the ore treated. It varies from year to year from 4 to 9 per cent., 
according to the richness of the ore. The matte is sent at once 
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to the Kupferkammcr Hiitte and Eckardt lliitte to be roasted and 
concentrated. The composition of the matte is given in the table 
below: 



Iron,. 



NIckd. 

CoMt , 

Anmic, ......... 

Zinc............... 

SH««r, 

Snl pbinr^..,.,. 



KttpfiH'kitmmer 



«6.6 



0.59 
o.t8o 



9- (49 

I.3IO 
30.5 



0.648 
o.39« 
0.366 
e.» 

0.60 
39.06 
0.940 



ay. 54 



0.49 

O.I3 



8.73 

»,o6 
31.64 



a6.aa9j 27.30, 



Knig HQtte. 



2.0 



I 

34.3'5,90-S3 



Eckardt Hutte. 



95.9 91.86736. 34 



o.8<t 



0.3S • 0.3 



0.08 



0.36 


0.485 


0.03 


0.05 



Koch HSlte. 



»3-778 



0.466 

!+ 0,416 



o.ip6' 



4.57 

0.69 

44.9 

o.a3 



3.711I 4.48 I 5-55 . «.867 
0.537; 0.7s I ».046 0.745 
41.36 143.80 36.4 46.30 



5.87 
»'3 
37.36 



0.»36| 0.21 0,18 , 0,366 0.17 

, 25.$i5 as. 5 ! a4>40i 36.0 

I I 



3.012 
0.643 
44815 

o.aSS 
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The slag is composed of the materials which are not reduced 
by the carbon. They are singulo-silicates of alumina mixed with 

siriG^ulo- and bi-silicatcs, earths and metallic oxides, and coiUaiii 
bc>i(les tile oxides of the partly oxidized metals. Tri-silicatcs arc 
very seld )ni f )iind. They have a density varying from 2.; to 3. 
The following are the analyses of the slags made for the most 
part in 1888 : 
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The slags in the normal working of the furnace run thin. This 
is necessary in order to allow of as complete a separation of the 
matte from it, in the crucible of the furnace as possible, and to 
make sure that any grains of it carried olT into the fore-hearth 
will settle there. There is but little loss of copper from this 
cause. Most of it is from the formation of copper oxide, which 
combines with the silica of the slag. All attempts to prevent this 
entirely have failed, though, from the constant attention paid to it, 
the slags do not usually contain more than from two^tenths to 
three>tenths of copper. They are the poorest copper slags known. 
When these slags are cooled as they run from the furnace, they 
are glossy and dark-colored and look like obsidian, and in such a 
condition they are .sent to the dump-heaps. When, however, they 
are made to cool very slowly, they appear clear, and they become 
gray and crystalline, so hard that they strike fire with a steel. 
In such a condition they can be used in construction. As the 
weight of the slag is very nearly that of the ore charged in the 
furnace, and the amount is over 403.000 tons annually, they would 
occupy, if thrown away, so large a space that they would be a 
serious source of expense, for which reason they are now moulded 
into shape and sold for paving and building stone. In order to 
accomplish this, the slag, after passing the fore-hearth, is made 
to flow into cast-iron wagons with flaring sides, which are easily 
movable. These wagons resemble in every particular the cars 
used to transport slags from iron blast-furnaces. The ends of 
the tops of these slag-cars are cast in one piece and are reinforced 
by ribs cast on the outside and by two wrought-iron bands, 0.005 
m. wide and 0.004 "i- thick, which are riveted on between the top 
and the bottom. The sides are made of two pieces bolted to- 
gether ; the sides and ends are securely fastened together so that 
they form a rij^id h(>x, lar;j[cr at the bottom tliaji the top. At each 
of the corners there is a riiv^^ for the attachment of hooks and 
chains, by which the box may be lifted off or j)l,iced on tlie 
wagon. The cast-iron platform of the wagon is supjiorted by 
four wheels. It is i.io m. lon<^ and 0.80 m. wide. The box is 
only a Httle smaller than the philform and is fitted on to it by 
steps, which make it go to its place but do not prex ent itN being 
moved on the platform when necessary. The top of the box is 
0.85 long and Q.55 ni. wide and 045 m. high. 

When the slag-wagons come from the furnace full they are 
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carried to an area of variable size» which at Krug Hutte is 150 
m. square, to be made into bricks. At this furnace the yard is 
made on the top of an old slag- heap. The bricks arc of all kinds 
of shapes. They are made on a sand-bed. The sand is first dug 
out to the required depth. A man with a rake with tines o. 10 m. 
long rakes over Uie sand and shovels it up into a sieve made of 
hexagonal holes 0.03 across* This is sieved, and whatever 
remains upon the sieve is thrown to one side. The frame of the 
sieve is 0.60 x 0.40 m. All that remains on the sieve is thrown 
into a car to be carried away. The bottom of the bed is then care- 
fully gone over with a shovel, pressing the shovel in several cen- 
timetres to make the sand soft. It is then smoothed over with 
the shovel, and into the corners a piece of iron, 0.18 ni. to 0.20 m. 
long, o. 1 5 m. wide is laid, layin<; it inclined to facilitate the passage 
of the slaf( in the sla^-runners which ^o around the whole space. 
Iron pai i:iii)ns, 0.70 ni. lun- and 0.20 m. wide, are then placed in 
the sand and pushed down into it. To hold the first one a vertical 
piece is put back of it to support it. These long iron pieces have 
round holes in tluni, usually four, \shich are 0.05 m. in diameter. 
They have previously been washed with clay and sprinkled with 
sand to prevent the slag from sticking to them. When the first 
one is in, the next is put up in the sand in the same way and the 
end pieces put in ; each sihort piece has ears fitting into places 
cut out of the long ones. The frame work is set up in this way 
until the requisite number of divisions have been made. In each 
of the places usually two beds of twenty-eight divisions are made, 
four wide and seven long. Around and between each a space 
0.20 m. wide is left for the slag to circulate. When the blocks to 
be cast are to be used for ordinary pavements, which are some- 
what larger at the top than at the bottom, and w hich aKo when 
laid need a space between them at the top for the hoofs of the horses 
to catch in, a small piece of iron is placed on each side at the 
bottom to make a depression. W hen the whole of the wrought- 
iron partitions are in place, the bottom of each division is made 
flat by placing in it a piece of sheet- iron attached to a handle of 
exactly the size of the compartment and stamping it down. To be 
quite sure that the irons of the partitions are quite in their places, 
both on the long and on the short sides, a small hammer 0.05 m. 
square and 0.08 m. long is used for tapping them. The end 
sections are put in first and then the middle ones, after several 
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long plates have bccti stood upright. The long divisions have 
holes in tiicin ; the niitldlc ones may or may not have tliciii. 
There is a great discretion to be used with regard to the put- 
ting up of these plate> and the direction to be given to the liquid 
slag, which is regulated by the position of the holes, for the 
exact direction of the flow of the slag seems to make a very great 
difference in the solidity of the blocks. Generally the three rows 
nearest the point where the slag flows in do not have any holes 
on the sides, but only at the cnd-^. The man who sets them up 
uses his discretion as to how the iioles are to be placed. They 
do not always make the pa\ ing blocks of the same size. The 
width remaining the same the length is varied. 

When the bed is reatiy the men w ith the slag-waL;ons come. The 
wagons are brought opposite to the casting bed, and one corner of 
the box on the top of the wagon is pried off of the platform over the 
runners tor the slag; thi^ throws the ciiilleil bottom of the slag in 
the wagon outside of the platform. With a pointed hammer a hole 
is made in the bottom of the slag, which is enlarged a little and the 
slag flows into the runners and from thern into the moulds. When 
it is about half way up towards the top of the mould, a little sand 
is thrown over it to prevent its cooling too rapidly. By the time 
all the moulds are entirely full, the whole of the runners and all 
the slag are covered about 0.03 m. deep with sand and left lor 
forty-eight hours. As soon as the slag no longer runs from the 
wagon the cast-iron cover is turned back on to the platform of the 
wagon leaving only a hollow crust of slag in the interior, and the 
\\ agon is carried away to the place where the cover is lifted qfl'and 
tlic slag is prepared for being thrown away. When it rains hard 
and the weather is not propitious, boards are used to cover the 
casting'bed.s before they are filled with slag, so as to prevent the 
water getting into them, which would make the slag-castings 
porous, and afterwards over the sand with which they are covered 
to prevent too rapid cooling. When the stone is cool the sand is 
shoveled ofl* and the iron partitions are lifted out and thrown to 
one side. This leaves the blocks in the bed with a space between 
each. An inspector comes and taps each block with a hammer. 
If they are not solid, he breaks the defective parts oflf with the 
hammer and picks them out with a square tongs the size of the 
stone. Ifp when broken, they are too thin, he throws them away. 
If not, they are made into a third quality stone, which is dressed 
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to be used in the gutter?? of the streets or anywhere where thin 
stones are required. These w hich are n it defective are lifted out 
and tin ned over. If they are exactly square the\' are first quahty. 
If not, of second. The seconds are just as good as the first 
quality except for being a little out of square. The stones so 
sorted are carried to the dressing floor, where they are dressed 
up, the sharp corners being beaten off and the projections corres- 
ponding to the holes in the iron divisions beaten down. Generally 
the small sizes are made at Krug Hiitte, but pieces 0.30 m. square 
are also made there. The material from the runners is used for 
making the roads and for mosaic pavements, for which it is very 
suitable. When the casting place is cleared of slag-blocks, the irons 
which are lyin^ on the sides are taken up by a man who comes with 
a pail filled witli clay water. The small ones are put into this p.iii 
in bundles, and wlien taken out they are separated sliglitl)- and a 
man with a riddle 0.20 m. scjuare and o. 10 m. deej) mafle of sheet- 
iron with 0.003 holes riddles sand over them. The long pieces 
are put into a trough and treated in the same way, but each piece 
is sprinkled with the sand separately. The stones are generally 
0.15 m. cube. Those 0.23 m. by 0.23 m. and 0.46 m. are also 
made and even larger ones. When three rows instead of four are 
made in the casting>bed, the end ones are made short and the 
middle ones a size and a half larger. 

The w^ons from which the slag has been cast are brought by 
horses back in front of the furnace-house, to have the sides HAed 
and the slag removed. Two cranes are provided for this purpose. 
They are arranged in the form of an arch over a doul)le track, and 
have both a horizonlal and a \ertical niuvemetit. As soon as the 
cover is lilted the car is shoved forward and tiie co\'cr immediately 
placed on another wagon, which is drawn on the tiack on the 
opposite side, and is at once taken away for use and another 
slag- wagon and platform drawn under the crane. When no 
platform is ready, the cover is left suspended until there is one. 
As soon as the top is lifted off from the platform a sheet-iron 
rim 0.12 m. high is placed on the platform of the wagon around 
the slag crust. The wagon is then drawn forward. When four 
of the cast-iron rims have been lifted ofli the crusts are cold enough 
to break upon the outside. With a wooden pole, 0.08 m. in 
diameter and 2 m. long, one side is broken in, and in five minutes 
after tlie other side ; then the top and the ends. Most of llie pieces 
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fall within the rim and make a low pile on the platform oi the 
wagon. A few pieces fall outside on to the track, and these are 
from time to time taken up and thrown on to the wagon inside the 
rim. When the slag on eight wagons is broken up in this way 
they are drawn away to the sla;^-dump, and when four wagons 
have the cast-iron tO(>s replaced upon them they are washed on 
the inside with clay, and are drawn by a mule to the furnaces 
where they are to be used again. 

The whole casting space is covered over with tracks laid down 
temporarily. These are laid in sections 5 m. in length. When- 
ever it is convenient, turn-tables made of plates of cast-iron and 
fixed, are used to go from one section of the casting«ground to 
another. The moulds are prepared by one man, the irons by one 
man, the casting by one man, and each slag-wagon has one man. 
Of the slag, one-third is already solidified on the sides. Of the 
two-thirds left, two-thirds are made into stone and the rest is in 
the runners. Of the twenty-eight blocks made for small-sized 
paving stones, twenty are generally of first quality, five to six of 
second, and the rest third. The first or second quality depends 
entirely upon how carefully the iron plates are put in. The slag 
in the blocks is gray and compact and when laid in mosaic looks 
very much like a compact limestone. 

The manufacture of slag at Koch Hiitte is done in the same way 
as at Krug Hutte. For large blocks, the moulds are made of cast- 
iron with a cover with a long handle, which shuts down so as to 
compress the slag. The cover has holes in it in order to prick 
the slag and let out the gas. Ashes are also used as a cover. Very 
lai^c stones are made here, such as steps for .itairs and stones of 
* any kind for building purposes. The work is done only at night 
and with the extra men, who are always kept at the works, when 
they have nothing else to do. Only paving-stones of second 
quality are attempted to be made. They are maJe of any size re- 
quired. Only the crust is usually lost. The rest of tiie material 
is Libcd for roads. Slag bricks are also made at Kuptcrk<unmer 
Ilutlc, but the ^^■ork is mucli less skilfully done. For hiri^e-sized 
stones, irons bent at ri^dit .mijlcs are used. As tiie)- are imt covered 
with clay they deteriorate rapidly, and the stones made arc very 
coarse. In 1889, about 4,400,000 articles were made at all the 
works, out of slag. Of these, 210,826 were made into pieces used 
in construction, 4,163,655 into paving stones, borders and slabs. 
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and, in addition, 13,381 cubic metres of dibris from the sla;_^ brick 
manufacture and other slag were used for making; road'^, all of which 
were sold. The towns in which the works are situated, and all 
their environs, as well as all the roads leading to them, are paved 
with this material, and it has proved to be better and cheaper than 
stone. 

(To be coniinued.) 



EXAMINATION OF MINES. 
By H. S MUNROE. 
(Continued rrom Vol XIL, 37 ) 

Formation of Mineral-Deposits. 

The engineer should, of course, be fiimiliar with the literature 
ofore-depositSy and fitted by practical experience in mining opera- 
tions and by training in field geology to make an intelligent ex- 
amination of the deposit An admirable series of articles * on the 
literature of ore-deposits has lately appeared in the Quarterly 
to which the student may be referred, and which will serve as a 
guide to a course of reading on the subject. 

1 iic cnj^inccr should not be too liasly in his generalizations, and 
should bear in mind tlmt ^inlila^ deposits may have widely different 
orii^in, and ev en that parts of the same dc[)()sit m.iy be due io dif- 
ferent causes. Deposits of magnetic- iron in some cases nui)- be 
altered bog-deposits or metamorphosed beds of carbonate of iron, 
originally of chemical origin; in other cases they may be purely 
mechanical deposits concentrated by the action of running streams,! 
or again in other cases, it is possible that they may have been 
formed by replacement, or deposited from solution in cavities and 
fissures. Or part of the deposit may be due to one cause and 
part to another as at Iron Mountain, Missouri.} 

* <*Od the Literature of Ore.Depo«>tts^' by J. F. Kemp, School op Minks Quar- 

TKRl V, vol. X., pp. 54. 116, 326 ; vol. xi., p. 5J9. 

f W. S. M . S -HtHij OF MiN>s QiiARTKRi V, vol. iii., p. 43 

J The ' Ii'>ii Moiiiit iiii Mine," I'rof. \V. H. ToUer, American Inbtiiute of Mining 
Engineers, New \ oik meeting, September, 1890. 
VOL. xn.— 9 
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In the examination of a mineral deposit the en*^ineer should be 
careful to observe and to record his observed facts without bias or 
prejudice in favor of one theory or another. He should form his 
conclusions with great care and deliberation. A theory is of value 
mainly as a means of br inching disconnected facts into some kind 
of arrangement, so that they can be studied, and is useful only so 
long and so far as it accounts for the phenomena observed. . 

In no department of mining engineering is there greater oppor- 
tunity for brilliant professional success, and in none have failures 
from hasty and crude generalization proved more disastrous* 

Measurement op Deposits. 

In the case of coal seams and similar deposits, the volume of 
mineral within the limits of the property may be computed with 
great accuracy. The areas of coal withm the lines of outcrop may 
be determuied t>y measurements on the map. The sur&ce and 
underground explorations should give data to estimate what part* 
of this area may be regarded with safety as workable. The aver- 
age thickness will be obtained from numerous measurements. 

A seam of coal of 1.3 specific gravity will contain about one 
hundred and thirty tons j)cr acre for every inch of thickness. 
For other densities multiply the >pecil'ic ^ra\ ity by one hundred. 
Allowing for pillars and waste in iiiiniii<^\ the conunon practice of 
estimating one lunuh rd tons per .icre per inch of thickness, approxi- 
mates very closciy to the piobablc yieid. 

In irregular c< >al ba>ins, as in reiinsylvania, the volume of min- 
eral is obtained by developing the warped surfaces gra|)l)ically 
and nuiltiplying the area:^ thus obtained by the average thicknes^, * 
or the metlKul sug<.Testefl by Mr. R. P. Roth well may be u^^ed, 
and the lion/.unt.il .uea um.lerlaid b)^ coal multiphed by the tiiick- 
ness ot the l)etl ur beds measured vertically (^instead of normally 
to floor or root as above). 

MEAsukr.MtNTS OF Ikrecllau Deposits. 

Metalliferous deposits as a rule are much less regular in thick- 
ness than coal seams. Certain precautions should be taken to 

* Sc.ctiii (7ei>/o:;i(iiI Siintyof Ptttnsy/vitnii . Report A A, p. 107. Al~n •* A New 
Mctliml <if Ma])j)lni^ ihc Coal-llcUlii gf I'cuum ivania," Transaittons Amertcin /ttsti' 
tutt Mining EM^ittferst FebruAvy, 1881. 
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secure accurate results. When the variations in tliickncss are 
great the prismoidal formula* may sometimes be used vvilh advan- 
tage and limited portions of the ticposit computed separately. In 
other cases the average tiiickness may he used, Tn obtain this 
accurately the measurements averaged shouKI be as nearly equi- 
distant as possible, and greater weight should be given to measure- 
ments on a mid-section than to those on the boundaries. The 
determination of the average thickness, and the areas required 
by the prismoidal formula, will be facilitated by carefully con- 
structed cross-sections of the deposit. 
• Sometimes the thickness to be considered is modified by special 
conditions. For example, the vein may be very thin, and yet 
workable; as is often the case in gold and silver mines, and in rich 
deposits of the other metals. In such cases the width :uul height 
of the workings will be constant and iiulepeiident of the thickness 
r»f the mineral, as enough broken rock will have to be mined to 
enable the men to enter and work. 

In like manner when the ground is traversed by well -defined 
fissures parallel to the vein, it may be necessary to mine the barren 
rock up to this fissure in order to make the workings safe. 

Again, where the vein or bed is split and the two portions are 
separated by a " horse " or " parting " too thin to be left standing, 
it may become necessary to mine this rock with the ore. 

In all such cases the mining andhandling of this barren material 
must be taken into consideration, and the necessary measurements 
made so that its amount and its effect on the average richness of 
the material mined may be determined. 

Determination of Workable Area. 

In the case of a uniform and persistent bed, horizontal or 
slightly inclined, the total workable area may be assumed to be 
that contained inside the outcrop and within the property lines. If 
the bed lies at an angle, allowance must be made for the inclination. 

In the case of a bed or vein di[)ping at .1 lii,:^h angle we may 
hav. c another limit, that fixed by the ma.ximum depth at which the 
mine can be worked w ith [profit. 

In the case ot less reguhir deposits, the workable area within 
the above lioundaries, that is, the proportion of this total area that 

• See Trantwim^t Pocket Book, p. 160, ami Treatises on Railroad Surveying. 
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can he pn^fitably worked, must be more or less a matter uf uncer- 
taint)' until the workings actually traverse the whole area. This, 
in most cases, docs not occur until the deposit is nearly exhausted 
and the knowledge is of little practical value. 

Sometimes, we can form an estimate of the relative areas of work- 
able and unworkable ground from that portion of the deposit which 
is exposed by the exploratory workings. A careful s .udy of these 
developed portions of the mine will often reveal the laws govern* 
ing the distribution of the useful mineral so that the future may be 
predicted with some conldence. Estimates thus made may be 
sufficiently trustworthy to be applied to the undeveloped portions 
of the mine. 

Variations in thickness and in richness or quality of the mineral 
are often sudden and unexpected. Large barren or unworkable 
areas are liable to occur, or the deposit may come to an abrupt 
end. The estimates of mineral in undeveloped portions of the 
mine and the values deduced therefrom are of necessity^ specula-' 
live. This should be made very clear in the report on the prop* 
erty. The value of an engineer's estimate of the speculative value 
of the property, as opposed to the wild guesses of interested and 
over-sanguine parties has been pointed out. 

Ore "in Sight." 

In the case of very irregular deposits, isolated ore-bodies, len- 
ticular masses, chamber deposits, bonanzas in veins and similar 
deposits, the continuance of which in depth is uncertain, it is unsafe 
to estimate on more nn'ncral than that proved to exist by the ex- 
ploratory workings. Many engineers prefer to take this course in 
all cases, and estimate the value of the mine from the mineral " in 
sight." The term mineral in sight " is variously interpreted by 
different engineers, but can be defined as the mineral which can 
be proved to exist, the nature and amount of proof necessary, 
varying with the character of the deposit. 

In most cases, the mineral to be " in sight " should be exposed on 
at least two sides by workings more or less parallel and not too lar 
apart. For example, the coal between two parallel gangways; 
the mineral between the uncovered outcrops and an underground 
level ; or the ore between two inclined shafts in the vein. 

It is not safe to estimate on mineral exposed on one edge only, as 
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the edge exposed may chance to lie along the boundary of large 
unworkable areas. 

The workings should not be so far apart as to leave chance for 
the existence of unworkable ground between. 

To lessen the chance of unworkable areas within the body of 
ore " in sight," many engineers demand that at least three sides 
shall be exposed by workings. I- or the same reason it is well to 
connect the parallel workings by others at right angles, winzes, 
cross-headings, etc., and thus divide the deposit into rectangular 
blocks exposed on four edges. This will be a necessary prelimi- 
nary to working the deposit in any case, and has the added benefit 
of securing better ventilation of the exploratory workings. 

When a portion of the deposit is exposed on two adjacent sides 
only, r^., by a shaft and a drift, or by the outcrop and a shaft or 
a drift, it is customary to estimate as ** in sight " the triangular 
area bounded by the workings in question and a straight line 
joining the ends of the same. 

Sampling and Assays. 

The samples retjuired for assax* to di:tertninc the quality or rich- 
ness of the mineral should be taken at numerous points, and so 
taken as to represent tlie average value of the deposit at each 
point. When tlifferent benches or difTercnt zones of the deposit 
vary in richness or in qualit\'. the samples from such subdivisions 
may be taken separately at each jV.iice.* DiTfcrent benches of a 
bed of coal may differ greatly in charactt r, amount of ash, of sul- 
phur, ot volatile matter, etc. It is not necessary or desirable, how- 
ever, to subdivide the samples taken unless the benches can be 
kept separate in mining. 

With the above exceptions, the sample taken at any one place 
should represent the whole deposit, from foot to hanging-wall. 

In coal and soft ores, a uniform groove for this purpose is cut 
with a pick, or with a ham ncr and moil, across the face of the 
deposit. 

If the material is harder, one or more blasts may be fired with 
light charges of explosive, so as to break up and shatter the face 
without completely dislodging the fragments. Chips and splinters 

♦ Sec paper by D. H, Browne, " Distribution of Phosphorus ia the Luiiington 
Mine," Trans. Amer, Jnst. Mining En^ineers^ vol. xvii., p. 6l6. 
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may now be broken from the loosened frac^ments which are stiU 
* in place, or as tliey arc taken down, so as to give the required 
average sample. 

If ihc deposit is very wide and uniform, samples may be taken 
at intervals from foot- to hanging-wall instead of in a continuous 

groove. 

If the mine is being worked, samples should be taken from the 
mine-cars, from the dumps and stock-piles as a check on the 
results. 

The conditions under \\ hich the sample was taken, the manner 
of taking and the amount of ore represented by the sample should 
be noted in every case. 

" Salting." 

The engineer niust use (Xwn precaution to detect and £;uard 
against fraudulent practices. Tfa sufflcic iit numht-r of sample.-, be 
taken mider^.^roimd, and these be taken arbitrarily, and not at 
points sLiL;gesied by interested parties, succc-skil "salting ' will be 
made more difficult. Such preparation of the mine is general I v on 
a small scale and at few points. A thoroiij:^]! .-sampling of the mine 
makes it necessary to do the work of saltini^^ on a large scale. 
Caret 111 cxan I ination of the deposit at tlie selected points, before 
taking the samples, will generally detect the fraud. 

A more dangerous practice and one more difficult to guard 
against, is the *' salting " of the engineer's samples during the pro- 
cess of sampling or subsequently. Sealed bags and boxes are not 
always sufficient protection against this form of fraud, as the sam- 
ple may still be " doctored " with strong solutions of the precious 
metal. 

It is possible again to prepare a mine for examination by con- 
cealing the poorer portions of the vein with timbering and loose 
rock, having exposed the richer stopes and headings only, sus- 
pending the work in these places when and where the showing is 
best. 

When fraudulent practices are suspected, the engineer should 
advise the leasing of the mine by the intending purchaser, with 
privilege of working for six months or a year, in which time the 
fraud, if any, will be exposed. 
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Examination op Partly Exhausted Mines. 

A mine that has been worked for a number of years is a less 
valuable property in exact proportion to the amount of mineral 

that has been mined. Such a mine, however, has been thoroughly 
proved, and much of the niinu)^ risk attending the development of 
a new property has been removed. A developed mine, for this 
reason, usually commands a much higher price in the market, 

ev en lhuUL;h a lar^e part of the deposit has been exhausted. The 
examination of a partly-worked propcrt}- will be condueted on the 
lines above laid down fur a developed property, with the following 
additions : 

1. An examination and survey of the abandoned workings as far 
as accessible. 

2. A study of the history of the mine, total yield, average rich- 
ness of the ore, etc. 

3. lnvesti*^Mtion of details of workinf^, cost and profits. 

The survey and examination of the old workings will determine 
what reserves of rich or low-f^rade ore exist in the form of pillars. 
The examination and survey will also show the condition of the 
abandoned workinj^s and Iiow far the '^afety of tiie whole mine 
may or may not be endangered. If there is dan«*^er of a general 
crush, or if the shafts or main gangways of the mine are threatened, 
the cost of making the mine secure must be estimated. 

Fina!1\', this examination and survey of the old woikiiv^s will 
furnish data from which to estimate the total amount (^f material 
excavated, which, with the measurement of the waste rock in the 
dump-heaps and underi^^round, will serve as a check on the state- 
ments as to ore treated or shipped and will show w hat proportion 
of barren material h.is to be mined with a given amount of ore. 

Finally, the underground survey will show what area has been 
mined and tlie proportion of available ground remaining. 

It will frequently happen, especially iit old mines, that the 
abandoned workings have caved in, or are inaccessible, so that the 
survey above outlined cannot be made or can be made only in 
part. In such cases, the necessary information often can be ob- 
tained from existing maps and other sources, and the desired esti* 
mates of area, if not of volume, can be made. 

The history of the mine, its total yield, the cost and profits of 
mining, etc., should be obtained by examination of the mine books. 
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of official reports, the books of transportation companies, of smelt- 
injj works ; and from such other sources as may seem reliable. 
From this tnalerial, it should b^- possible to obtain the total pro- 
duction of the nunc, the avLTa{^e cnst and \'icld per t(in, the a\"eragc 
selling price and profits; and such other data as will be of ser- 
vice in estimating the value of the mine, and the probable profits of 
working. 

Finally, a careful investigation should be made of the methods 
of workin-^ and of the details of man ij^enient, that possible improve- 
ments, and sources of economy and of increased profits, may be 
indicated. 

Examination of Abandoned Mines. 

The reopening and workin^^ of abandoned n^ines is attended 
with more than ortlinary minin*^ risk, and tlic examination of such 
properties demands great care and gt>od judgment. The larger 
and more important the 'mine, the longer it has been worked, and 
the more ore it has produced, the greater is the mining risk. 

The mine, in any case, is partly worked out, and is by so much 
the less valuable ; and it is possible, and in most cases probable, 
that the deposit is practically exhausted. 

Even in the most favorable cases, the cost of reopening the mine 
will be very great, and usually will be more than the cost of open- 
ing and developing a new deposit. The mine must be drained of 
water, in itself an expensive operation. The shatts and drifts must 
be reopened and generally relunbered. As it is quite likely that 
the pillars and arches have been robbed before the mine was 
abandoned, much of this work will be through fallen ground and 
very expensive. Finally, the hoisting-engines, pumps and other 
machinery will have to be repaired or replaced. 

As it is probable that the work of explorati(^n and development 
was suspended some time before the mine was finally abandoned, 
so it is probable that much exploratory work will be necessary to 
prove the existence of valuable mineral. 

, It is not probable that any part of this expense of reopening will 
be paid by mineral extracted. 

Finally, the working expenses will be greater than in a new mine^ 
especially in the items of drainage, tramming and hoisting, and 
timbering. 



Digitized by Google 



EXAMINATION OF MINES. 



125 



There are cases in which the mines may have been left in more 
Oivorable condition, and in which the risk of working will be less. 

In countries liable to political disturbances, mines have been 
abanduaed during war-time, and not subscqpently rcoj-jened. In 
the western mining regions the ravages of hostile Indians have had 
a similar result. 

Mines are sometimes temporarily abandoned because the condi- 
tions were un&vorable to success. Situated in remote regions 
the cost of the transportation of the necessary supplies and of the 
products of the mine, may have been too great to allow of profit- 
able working. Or again, on account of the undeveloped character 
of the region a market for the product may have been lacking, or 
may have been so remote as to be unavailable. With the con- 
struction of railroads and the development of the country, such 
mines can often be reopened and worked with profit. 

Finally, it often happens that mines worked with insufficient 
capital, or under bad management, are abandoned, and later under 
more favorable auspices they are reopened and yield large profits. 

The examination of an abandoned mine is one of the most 
difficult problems likely to occur in the practice of the mining 
engineer. 

It is probable that all the available ore has been taken out, and 
that even the pillars have been robbed before the mine was aban- 
doned. There is no ore " in sight," and little or nothing left to 
give an idea of the average value of the deposit Before the closing 
of the mine it is probable that the advance headings, shafU^drifb, 
etc., were suspended one by one as the prospects became less 
favorable. Nothing but poor ground is likely to be found. Finally, 
the workings are probably under water and inaccessible. 

Under such circum.^tances it will not be advisable to go to the 
expense of draining the mine until a preliminary examination has 
been made. In this preliminafy examination the engineer must 
depend almost entirely on the past record of the mine. The evi- 
dence, however, is likely to be fragmentary and incomplete, the 
books in all probability have been lost or destroyed, and but little 
documentary evidence remains. The engineer will be forced to 
collect such information as he can from trustworthy sources, and 
weigh the evidence carefully before submitting an opinion. 

Even after the mine is drained a final examination and report 
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cannot usually be made until the mine is developed to a certain 
extent by exploratory workings. 

In the work of reo[v nin^ an abandoned mine the greatest care 
should be taken at each sta^e of the operations to minimize the 

niiniiif^ risk, b\' liniitinfj the L\|)cii(liturcs :it any onetime to such 
anu)uiU«> as the i)ros[)ects of micccss sccni to warrant. At fir^t the 
exj)!<)ratii 'lis should be in one or two places only; later, if the 
developiiu nts are favorable, a larger force may be einpl «y d and 
the opening of the mine mav be pushed more rapidly. Permanent 
improvements which may be necessary for active work, should not 
be undertaken until there is sufficient mineral in sight " to warrant 
the expenditure. 

Scale of Operations, 

The proper scale of operations is determined mainly by the size 
of the deposit, and by the probable life of the mine. In certain 
cases the market for the product* and the effect of a large pro- 
duction on the selling price* must be taken into account. 

The size of the deposit limits the scale of operations chiefly by 
limiting the number of men and machines that can be profitably 
employed. 

The shape of the deposit also has its influence. For e.vample, 
a lenticular mass, narrow and thin in proportion t(» its depth, 
like a bean pod suspended hy one end. cannot be .vorked continu- 
ously on a large scale, as there w ill be room for but one or two 
working parties on each level. If worked rapidly one level will 
be exhausted before the shaft can be sunk to the next. 

A regular bed or vein can be worked from several shafts and on 
several levels at the same time. A large working force can be 
employed, and the scale of operations will be limited only by the 
size of the property, and the amount of capital. 

The thickness of the deposit limits the working force at each 
point of attack and the amount of mineral which can be broken at 
a single blast. 

The total value of the deposit, and the [)rubable yearly profit, 
limit the amount of capital that can be employed (ant! (:( )n'=;equently 
the scale of mining operations) by determining the amount u[)on 
which interest can be paid, and wliich can be extinguished by a 
sinking fund during the life of the mine. 
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The degree of mining risk involved will limit the amount of 
capital that can be safely invested with any prospect of its being 
returned to the investor before the mine is exhausted. The uncer- 
tainty as to the continuance of a deposit is a maximum in the case 
of an undeveloped property; so it is especially important to pro- 
ceed cautiously at the beginning of a mining enterprise, and by 
working on a small scale at first, limit the amount of capital subject 
to risk of loss. Later, when the work of exploration has shown a 
reasonable certainty of several years' supply of mineral, a larger 
amount of money may be risked, and the work of development 
pushed more vigorously. In exceptional cases the mine will itself 
furnish the necessary capital. 

With the exceptions and limitations above noted, it may be stated, 
as a rule, that the scale of operations should be as large as 
possible, and the mine worked as rapidly as circumstances will 
permit. 

The advantages of rapid work on a large scale are the following: 

1. The cost per ton of mineral is less. There are certain fixed 
expenses, such as pumping, ventilation, superintendence, taxes, 
office expenses, etc*, which are nearly the same whether one ton or 
one thousand tons be mined per day. Again, it is cheaper to work 
the plant to its full capacity. For example, in the case of a hoisting 
plant, the same number of engineers, firemen, bankmen, bottom- 
men, etc.. have to be employed whether one hundred tons or one 
hundred and fifty tons be hoisted. 

2. Rapid work decreases the cost of maintaining the shafts, gang- 
ways and levels, of renewing timber, of removing falling ground 
etc. 

3. More capital is required for work on a large scale, but the 
an ouiit does not increase in the same proportion as the ontjiut. 
Tlic c a])ital is redee-ncd in a shorter time, and the total interest 
charge is very much less. 
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NOTES ON THE COAL-FIELDS OF MONTANA. 

By WALTER HARVEY WEED. 
(United State* Geological Survey.) 

A LARGE portion of the 145.000 square miles comprii^ed within 
the borders of the newiy-admitted State of Montana is underlaid 
by coal-bearing rocks. Throupfh the plains country, that monoto- 
nous expanse of arid and treeless land forming the eastern two- 
thirds of the State, the available coats are all lignites, which occur 
in great quantity and are often of exceptional purity. The cut- 
banks of the smaller streams and the bluflfs of the rivers very fre- 
quently show outcropping coal-seams, and the dark lines can be 
traced many miles upon the bluRs and buttes of the so-called Bad 
Lands. 

Approaching the mountains, the low relief of the plains is broken 
by outliers of the Rocky Mountains, and as we near the eastern 
slope of the ranges, the younger rocks of the plains are found to 
be upturned against the mountain flanks* and here occur the seams 
of coal which form the chief source from which Montana's great 
mining and smelting industries must derive their supply. Unlike the 
lignites of the plains, these are true bituminous coals, of excellent 
quality and frequently making exceotionally good coke. These 
bituminous coals are all older than the lignites and belong to two 
geological horizons. Thj; coals of Sand Conlee, Deep Creek and 
other localities in the vicinity of Great Falls, on the Missouri, have 
recently been pronounced to be of Kootenay a;^e by Prof. J. S. 
Newberry, after an examination of the mines and the study of the 
fossil flora of the locality.* South of the Great Falls field, the 
Kootenay series appears to be wanting, and the coal-seams of these 
fields overlie the shales and scndstones of the Colorado group. 
These seams, from which over half the entire coal product of the 
State is obtained, were examined by the writer during the past 
summer, at the Cinnabar and Bozeman fields, and though the study 
of the coal-fields of the State is therefore just begun, the results 
are of suflicient interest to present here. 

* In a paper presented at the Boston meeting of the National Academy of Sciences, 
November, 1890. 
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The relative amounts of coal from the three geological horizons 

mined in 1889 within the State is as follows: 

Lignite (Laramie and Tertiaty) 5,263 

Later Cretaceous (Lower I^ramie) 191,138 

Early Cretaceous (Kootenay), 166,480 

These amounts will be exceeded for the jiresent year, but the 
returns will show fully as small a percentasj^e of lignite mined, 
despite the wide range of this variety of fuel throughout the State, 
and a nearly equal proportion of bituminous coal from the two 
geological horizons. 

So far as known, the bituminous coals are somewhat limited in 
their occurrence. The Kootenay coals all come from the vicinity 
of Great Falls, and the bituminous coals of later age occur only 
In the following fields : Upper Gallatin Basin, Madison Valley near 
Virginia City, the Cinnabar coal-field north of the Yellowstone 
National Park, and the so-called Bozeman coaUfietd and its probable 
continuation eastward, the Rocky Fork coal-field. Thus f.ir the last 
three are the only fields worked, the mines being close to the 
Northern Pacific Railroad, and the coal in demand at Helena and 
Butte. 

The CiNNADAR Coal- Field. 

Leaving the deep cafions of the Yellowstone National Park, the 
Yellowstone river flows through a narrow mountain valley, in 
which a low mountain, having a bright red streak, is quite con- 
spicuous. This is Cinnabar Mountain, its red streak, enclosed 
between high, rocky, perpendicular walls, is the Devil's Slide, and 
though the name of Cinnabar is misleading, it is applied to both 
the mountain and the coal-field as well. 

On the we^t side of this v.illey the coal-bearing strata dip at 
15° to 20° northwest and foiai a high and flat-topped moun- 
tain ridge extending down from the sharp and rui^^i^ed summit of 
Electric Peak, the highest point of the region, in a northerly direc- 
tion to the knob called Cmnabar Mountain. This block of cre- 
taceous coal-bearing strata lies between an extensive area of vol- 
canic rocks, forming the rugged peaks to the north and west, made 
up of breccias of volcanic ejectementa and massive flows of basal- 
tic andesite, and a smaller area of similar rocks to the south, being 
separated from them by two faults of several thousand feet throw. 

On the eastern side of the valley steep granite slopes rise abruptly 
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from the river, but near the boundary of the National Park a block 
of coal-beartng strata, faulted against the gneiss, lies between the 
mountains and the river. 

In the upturned beds of Cinnabar Mountain \ve have a natural 

section ^i\int^ the iclations of the coal to the older rocks. Rest- 
ing upon njctaniorphic blrata there is about 4500 feet of massive 
white and gray limestone of paleozoic age, and above them a 
varied succession of beds of mesozoic age, the soutliern part of 
the mountain being composed of the black shales^ with occasional 
walls of sandstone, of tlie Colorado group. 

A slight break in the sharp, synclinal trough does not obscure 
the relations of these shale belts to the white sandstones forming 
a belt some 500 to 600 feet thick that contain the coals. Indeed, 
elsewhere, we have a conformable sequence showing the coaUbear- 
ing sandstones resting immediately upon the muddy limestones 
and shales. 

In this sandstone series there are three workable seams of bitu- 
minous coals, besides many seams too thin to woi k. A section of 
some 3CD feet from tlie base of the series up. show ed eleven seams 
aggregating twenty-one feet of coal, and the strata above this 
showed many more small seams. The three workable seams each 
show from three to six feet of good coal, which meets with a ready 
sale at $4.ck) to $5.00 per ton on the cars. The miners are paid 1.10 
per ton, and laborers ^1.75 per day. The oldest and most exten- 
sive mine is the ** Horr," but the coal lands consist of Suited 
blocks, and for that reason cannot be so economically worked as 
in the undisturbed part of the field ; the daily output this winter 
was expected to be 250 tons, and the coke is remarkably fine. 

The Craifj mine has recently been opened and is now being de- 
veloped, but has no out[)iit a-> yet. It is tlie most promising of 
the three mines, hmvcver, a> the third, the Hi)\vers mine, on the 
east side of the river, where the beds dip at (>0" toward a fault that 
brinies the c<»al njeasures against the gneiss. 

The workings show that the coal varies in thickness in the same 
scam, and careful prospecting of a seam is necessary to determine 
whether it will pay to work. The coal varies also in its nature 
where disturbed; in the Bowers mine it is an excellent coking coal 
near the surface, but a semi -anthracite at a depth of only 160 feet. 

The future of the field all lies in the large block north of Electric 
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Peak, but the field is too small to warrant any extensive mining 

operations. 

At the Craig workings, the j)r(>specting shows five workable 
seams. Tlic two upper scams ha\ e been ( opened up by entries of 
500 to 1000 Icet in length. The upper seam shows 32 inches to 
40 inches of clean coal in an entry driven on the disturbed meas- 
ures, and 4 feet 6 inches in another entry in the less disturbed 
beds. The analysis of an average sample of the coal shows : 



Fixed Orbon, .......... 7S.O5 

Vol. Carbon, . . . ... . .9 65 

MoMure, . . . . 50J 

Asih 5.72 

Sulphur, 1.35 



101.00 

An entry of 450 feet on the vein below the last, called the B-vein, 
shows 30 inches to 40 inches of coal from which an average 
sample gave : 



Kixcd Carbon, 80.S8 

Vol. (Jarbon 7.42 

Moisture, 6.»»3 

A*h, . . • 4 37 

Sulphur, 0.70 



l<X>.09 

The C-vein shows 28 inches coal, the D vein 5 feet, and the 
lowest of all, the £-vein, 22 inches of coal. 

The actual cost of a ton of coal on the dump is <; i 50. 

y//d' Bozcman coat-fieid, on the contrary, is extensive enough to 
predict a favorable iuture. The eual measures were traced for a 
distance ot over 100 miles last summer while makiuL; a 'logical 
Mirvey of the region, and if workable throuL^hout this extent, will 
contribute materially to Montana's wealth. The coal is of the 
same age as that of the Cinnabar field ; that is, it overlies the great 
series of cretaceous shales carrying Colorado fossils, and the col- 
lections of leaf-remains and unio shells indicate a probable Lar- 
amie age, the leaf impressions resembling, as a whole, the collec- 
tions from the Bitter creek coals of Wyoming. 

At Cokedale the coal makes a good coke, but the same seam, 
worked farther westward, at Timberline and Chestnut, will not 
coke. 
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METHODS OF MODERN PETROGRAPHY. 

Bv H. HENSOLDT. 

(School of Mines, Columbia Coilege.) 

in. 

Rock-sections and How to Prepare Them. 

(Continued from Vol. XI., p. 35,) 

The cut produced by a well-charged diamond-saw. which runs 
true and does not wabble, is so smooth and level that only a trifling 
amount of grinding is necessary for the first surface. For this the 
writer uses a copper disk, "jY^ inches in diameter and about one- 
half inch thick, which is afiixed to a conical steel pin, fitting the 
spindle of the bench. The very finest grade of washed flour-emery 
is used for this operation ; but if the cut is not a level one or is 
marked by the grooves or furrows of a wabbling saw, coarser 
emety may be first employed till all unevenesscs are effaced. The 
copper disk on which the grinding is effected should not have a 
true level surface, but a slightly convex one, for the following very 
important reason : 

When grinding any kind of rock-surftice, it will be noticed that 
the marginal portions of the specimen are always more energetic- 
ally attacked than the central ones ; in other words, the emery — 
however fine — invariably acts quicker around the margin than io 
the centre of the specimen. Now, if the grinding-disk or plate is 
a perfect level, the surface to be ground must, as a matter of course, 
become more or less spherical, the convexity being determined by 
the degree of fineness of the emery used. To this seemingly trifling 
circumstance the failure of most petrographers in producing large 
and uniformly thin sections, in spite of the utmost care, is due. 
It must be borne in mind that the convexity, however slight, is 
repeated on the second surface, so that the section can never be of 
uniform tenuity, but must always remain thicker in the centre. 
Such a section can hardly be improved by additional grinding, for 
whatever is gained in transparency in the centre is lost in sub- 
stance around the margin ; the section always retains its lenticular 
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curve and becomes less and less in diameter as the grindingr pro- 
ceeds. 

In order to counteract this peculiar tendency of the emery to 
produce a convex surfece on a level grinding-plate, the writer has 
given each of his copper disks a convex curve, the steepness of 
which is determined by the degree of fineness of the emery used 
in each particular case. The disk, for instance, which he uses for 
" finishing " viz., for the final application of the finest grade of 
washed Hour-emery, has a convexity so slight that if a steel ruler 
be held against its surface, the deviation from the true level will be 
found to amount to less than i mm. at a distance of 3^ inches 
from the centre. Yet this infinitesimal convexity completely 
counteracts the emery's peculiar eflect and produces an absolutely 
level section. 

The rock-slices, being completed on one side, are now cemented 
to rectangular pieces of plate glass, averaging one square inch in 
sur&ce and about an eighth of an inch in thickness. It is of great 
importance that the glass should be free from flaws, bubbles or 
such other defects as render the sur&ce more or less imperfect; 
thus ordinary window-glass should under no circumstances be 
employed for this purpose. 

During the first year or so of his experience as a preparer of 
sections, the writer used hardened Canada balsam as a cement, but 
he found its drawbacks so ^at and numerous that he was soon 
obliged to look for something better. The cement which he now 
uses is a mixture of shellac and Venice turpentine, and is prepared 
in the following manner. Haifa pound or less of ordinary shellac 
is melted in a flat-bottomed open vessel over a Bunsen burner. 
Then an equal quantity of Venice turpentine is carcfi-illy added 
under constant slinin'^^. The- mass slioukl be allowed to boil for 
about ten minutes, duriufj which the stirring is coiituuied. Then 
small quantities are poured in separate heaps on an irr.n jilate or 
othrr cold surface and rolled itUo sticks about seven inches long 
and half an inch thick. Two or three of these sticks may be all 
that the avcra^^e potro;^raphcr is likely to require in the course of 
a year ; tlie writer uses theni at the rate of about fifteen j)cr month. 
This cement i.s excellcjit and cannot be too stronc^ly recommended ; 
it is unsurjvissed in adhesiveness and its general qualities are so 
admirable that he who has once used it will never again resort to 
Canada balsam. 

VOL. XII. — 10 
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Cebienting. 

In order to affix the specimen to the piece of glass, heat the latter 
carefully over a spirit-lamp or Bunsen burner, place it on a flat piece 
of wood and apply the end of the shellac stick till a sufficient 

quantity of the cement is dissolved. Then heat the slice in the same 
manner, and before placing it on the glass, rub the shellac stick well 
over it. It should be so hot that the shellac is melted the moment 

it is brought in contact witli it, yet without causing the cement to 
boil or sinokc. Tlicii the shoe, with its finished and shcUac-coatccl 
side, is placed on the glass and pressed down with considerable 
force, so as to squeeze out all the superfluous cement. 

If air-hiihhles should appear in the layer of shellac between the 
cemented surface and the glass-plate, we may conclude that cither 
the latter or the rock-slice (possibly botli) have been over-heated. 
It is difficult to expel these atmospheric demons b)- mere mechani- 
cal j)ressure, although, if only a few small bubbles are i)resent, 
they may sometimes be got rid of in this way, especially if the 
section is r.ipidly moved to and fro, viz., ru!)bed against the glass- 
plate during the operation. As a rule, however, it will be neces- 
sary to remove the section from the j>late and apj)ly some fresh 
cement, taking care not to heat the glass-plate more than necessary, 
and rei>eat the process. .A.ir-bubblcs should not, under any cir- 
cumstances, be allowed to remain under the cemented surface, as 
during the tinal stages of grinding, those parts of the section which 
are situated over air-bubbles, viz., unsupported by a cement-layer, 
almost invariably break and disappear, so that the section shows as 
many perforatii;ns as there were air-bubbles or vacant spaces in the 
cementing medium. 

GRi.NDfNG Tools. 

The first process of rough grinding is best effected on a copper- 
disk, seven or eight inches in diameter, and at least half an inch in 
thickness. Lead-laps are also extensively used as grinding-plates, 
and in one respect they are superior to copper-disks, viz., if the 
element of time is of special importance. The softer the gprinding- 
plate, the quicker the grinding process, which seeming paradox is 
easily explained if we bear in mind that it is not the surface of the 
disk, but solely the emery which effects the grinding. The disk 
merely furnishes a support for the grinding medium, and the softer 
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the metal of which it is composed the better it will hold the emery 
and the more energetic will be the action of the latter. 

Lead-laps, however, are ?o quickly worn out and require such 
constant re-adjustment, that tlie tiiflin^T ^rain in time is iii**rc liian 
counterbalanced by correspondin-j drawbacks. Cast-iron plates, 
on the other hand, which are recommended bv som" workers, cive 
as little satisfaction, on account of the slowness of the griiuhni^- 
process, although their surfaces are but slightly affected by pro- 
longed use. Lead and iron, in the shape of grinding-plates, repre- 
sents two extremes which it is best to avoid, and the writer has 
found in copper a happy medium, inasmuch as it combines the 
advantages of both, with but a modicum of their drawbacks. A 
copper disk, if judiciously handled, will keep its level surface for a 
year, even when constantly used for rough grinding ; whereas a 
lead- lap, during the same period, would require a dozen renewals. 




0 




This machine is so constructed that it can be token to pieces in 
a few minutes and securely packed in a box, measuring 3 x 2 x 2 
feet. The treadle (a) is connected with the crank of the fly-wheel 
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(d) by means of a catgut cord (r). which is supported by the treadle- 
whccl [d). The motion of the fl\--\vhccl is communicated to the 
drivinjj-pully (r) throu^^h a belt (/) which can be conveniently 
adjusted (tightened) by a large wooden screw (^) attached to the 
sliding-gear (//) which carries the fly-wheel Tlie spindle of the 
driving-pulley {e') has a conical perforation which admits the pin 
of the copper-disk (/). TheT latter may be replaced at any moment 
by another grindtng«plate, emery-wheel, or diamond- saw. A funnel- 
shaped brass-ring prevents grains of emery, etc., from intruding 
between the spindle and the steel collar {m}, 

A machine constructed after the above pattern may be seen 
at the School of Mines (Geological Department). It has been in use 
for several years, has given the utmost satisfaction, and is still as 
good as new. 

One of tlie fundamental mistakes of many preparers of sections 
consists in tlu ir using the same metaUplate for both coarse and fine 
grinding. Either for reasons of economy or from sheer thought- 
lessness, they provide themselves with but a single disk on which 
they use every grade of emery. After a copper>plate or lead-lap 
has been used even a few times for rough grinding with coarse 
emery, a slight wearing out, or hollowing, in the region between 
its centre and periphery, is unavoidable, which, even in the case of 
cast-iron plates, will prevent the operator from obtaining a true 
level section-surface during the final grinding process. 

(To be continued.) 



EXTRACTS FROM PRESIDENTIAL ADDRESS TO THE 
BRITISH SOCIETY OF MINING STUDEXTS.* 

By HERBERT W. HUGHES, F.G.S. 

.... Safety Lamps. — ^Under the head of safety lamps, we have 
been favored with descriptions of the Hepplewhite-Gray, and one 
for firin;4 shots patented by Messrs. Heath and Frost As a de- 
tector of gas the former is undoubtedly superior to all others on 

* Delivered at the MtninK School, Wigan, July it6th, 1889. 
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the market, and it does so without causing an explosion in the lamp, 
and in addition the light given is of a superior character. Its only 
disadvantage seems to be the ease with which it may be extinguished 
when suddenly brought into a rapid current of air. As a fireman's 
lamp, I think it is in front of all others ; with some lamps, when 
passing hurriedly from one place to another, it is possible to miss a 
small quantity of gas, but with the Hepplewhite-Gray this could not 
be done. Speaking generally of safety lamps, I may say that some- 
thing more is needed in them than the fact that they are safe in a 
certain velocity of air-current. Experiments on different t>pes 
are carried out at the surface, and the trials are conducted in a cur- 
rent of cool, fresh air mixed with certain f>crcentages of gas. 
Down the mine the conditions are essentially different. The cur- 
jli.i of air is mixed witli other gases than carburetted hx drogen, 
the temperature is considcMably higher, and, in addition, \ arying 
quaniiLies of coal-du^t are present. Under such circumstances 
the practical working of some of tlie niociern safety lamps is not 
quite tlic success one would have expected from the results of 
trials which ha \ c been conducted on them. Speaking from e.xpe^ 
rience abt)UL *.nc of the lamps reconnncnded by the Royal Com- 
mission on Accidents in Mines, its use is attended with numerous 
disad\ antages. In a short space of time, in a sluggish air-current, 
it gets so hot that one can scarcely carry it, and the light decreases 
rapidl}' owing to the clogging of the gauze by coal dust, etc. For 
the working miner the Marsaut lamp appears to possess several 
advantages ; its construction is simple and strong, it gives a good 
light, burns steadily in a whirlwind, gives a reliable indication of 
gas, and is safe in explosive currents of high velocity. 

Effects of Wukkinos on the Surface. — It is only by the 
multiplication of facts with details of the constitution of the strata 
and particulars of the inclination of the beds that any one can form 
opinions as to the probable effect and direction of subsidences. 
The whole subject seems enveloped in a veil of mystery, and most 
contradictory results are obtained. Gallon, in his lectures on min- 
ing,* after an able review of the whole matter, comes to the conclu- 
sion that subsidences take place at right angles to the planes of 
stratification, and that this subsidence continues without sensible 
diminution in amount quite up to the surface, whatever may be the 

* Vol. ii., p. 306, * 
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depth of the beds, and upon this ar^ uncnt the case cited by Mr. R. 
W. Dion was decided. Now, in Soutli Staffordshire, as the mem- 
bers arc aware, we liave a very thick scam of coal. In cert.iin dis- 
tricts the mines belong to tlic lord of t lie manor, and the surface to 
other individuals, and the former lias power to work the mines with- 
out liabilities as to payment for injuries to the surface. As a result, 
the mines are worked without any consideration as to the effect 
they will produce on the surface^ and although the district alTords 
in places a striking example of the damage caused by removing 
thirty feet of coal In one operation, careful experiments on the 
amount of subsidence and draw have not been carried out. One 
point has, however, been satisfactorily demonstrated, and that is, 
that although in the great majority of cases subsidence takes place 
at right an;^les to the plane of stratification, in others it proceeds 
in .1 \ t rtical direction. Where the beds are of a hard, tenacious 
char.ictcr, such as sandstones, etc., the fracture is at riglu anj^les, 
but on the other hand, if they are soft and friable, it takes j)lace 
vertically. The method of working also affects the result. When 
a seam is worked and stowing employed, subsidences of greater 
amount may be obtained, than sometimes happen if a thicker seam 
be extracted and the roof allowed to fall in. In the former case, a 
gradual compression of the gob takes place with a corresponding 
sinking of the overlying strata ; in the latter case, the rocks are 
broken and fall into the cavity caused by the workings, and as their 
bulk in the broken state is greater than it originally was, the open- 
ing gradually becomes less, until at the surfiice subsidence is scarcely 
noticeable. In a letter frcan the celebrated \ iewer, John Rudd'c. 
to Sir C harles Lyell, the furiner states that he invariably found 
that subsiek nee is alwaj's greater under a sandstone than under a 
metal-stone cover, and that whenever a lower seam is worked after 
an upper one has been removed, a second set or lowering takes 
place. Whether this action went on indefinitely he was not pre- 
pared to say, but in the working of three successive seams the 
phenomena had been noticed. The amount of each subsidence 
was not measured, but the whole amount of the settlement of the 
surface was five feet six inchesj and the aggregate thickness of the 
three seams worked out was fourteen feet eleven inches. The 
method of workinj^ employed was bord (breast) and pillar, and the 
depth from the surface varied from 73 fathoms in the first seam to 
107 fathoms in the third. The amount of subsidence is small, but 
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this is accounted for by the (act that the points of observation were 
situated at one end of the excavated tract and not near its centre. 

Electricity in Mines — Many collieries are now equipped with 
the electric light, and the number is increasing daily. The cost of 

conductors is one of the chief items in puttini; down installations, 
and this has been remedied at Cannock Chase Collieries by using 
old j)it ropes for this purpose instead of the copper cables generally 
employed. Excellent results have been obtained. The insulation is 
effected by laying the ropes in ordinary i^utter-bricks which have a 
semi-circular recess, and placing the whole in a trench cut to receive 
it. The space between the brickwork and rope is filled in with a 
mixture of coal dust, lime and tar, poured in hot and allowed to cool. 
Coal-dust is an excellent non-conductor, as a layer -f^ inch thick 
interposed between two copper plates opposes a resistance of quite 
i,ooo,cxx> ohms. This method of laying cables and the materials 
(ropes) employed, are strongly recommended for colliery purposes, 
but at the same time their use would be inadmissible for larger 
installations, i am rather surprised that more power applications 
have not been put down in this country. Many persons lo )k on 
electricity with a certain amount of suspicion, and consider it as 
being capable of further improvement. It would be foolish on 
any one's part to sa)- that no improvement is possible, but at the 
same time it is improbable. When we consider that dynamos are 
capable of transforming 90 per cent, of the power transmitted to 
them into electricity it will be readily admitted that the m^irgin is 
suflficiently close. The same remarks apply to motors, which will 
transform over 90 per cent, of the electricity transmitted to them 
into work.. The solution of the problem of obtaining more work 
from the coal will probably come about by some other means. 
Kvcry one is familiar with the easy transfurniAtion of electricity 
into heat, but up to the present, inventors have failed to transform 
heat into electricity. Looking at the immense strides which have 
taken place m this science durin<:j the past few years, it is not at 
all improbable that we may soon have some means of generating 
electricity from heat directly, without going through the laborious 
and wasteful operation of burning coal under boilers to form 
steam, and then converting the product into work by means of 
an engine. Another point deterring the mining student from 
taking up electricity is the difficulty he has in understanding the 
meaning of the technical terms used. We are familiar with " feet 
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of head, " "pounds," *' c^allons,'* etc., but inasmuch as electricity 
has neither weight nor bulk, and travels equally well up hill or 
down hill, it is perfectly obvious that some other terms than tliese 
must be employed when speaking of its measurement and j:)ressure. 
I have endeavored to explain these terms and their analogues in 
ordinar\- measurement in the paper contributed to the last number 
of the Journal. The paper by Mr. Brain satisfactorily disposes of 
the remark sometimes made that electricity is in a state of infancy. 
If any one will carefully read and digest that contribution, he will 
soon come to llie conclusion that such is not the case, for it must 
be remembered that ever>' example j^iven is a fact and not a sup- 
position. Since that paper w as written, w hat is at the present time 
the lart^est electrical power installation m the world has been 
satisfactorily put to work at the famous Comstock Mines, in 
Nevada, and of which the following is a brief description : Six 
Pelton water wheels, 40-inch diameter, drive a similar number of 
dynamos of 135 horse-power. The dynamos and waterwheels are 
situated in a chamber measuring 50 feet long, 25 feet wide and 12 
feet high, specially excavated in the mine at the depth of 1630 
^ feet, and the water to drive the wheels is conveyed to them from 
the surface under this enormous head. The waste-water runs 
away down the Sutro adit. The current is conveyed to the surface 
by a copper wire three-eighths of an inch diameter, and there drives 
six electric motors of go-horse power each, which furnish power to 
hoisting*engines, ore-dressing machinery, etc. Seven^ per cent, of 
the power applied to the shafts of the underground generators is 
delivered for work at the main shaft in the mill, and, in addition, 
between 60 and 70 per cent, of the amount of water formerly used 
is now saved. 

Coal Supplies op Great Britain. — ^The consternation caused 
by Mr. John Stuart Mill's statement that our coal supplies were 
measurable, was increased by the memoir of Mr. S. Jevons on the 
same subject, and, as a result, the Royal Coal Commission was ap* 
pointed in inquire into the amount of coal existing in the United 
Kingdom, and to determine, if possible, how long our coal supplies 
would last In 1 87 1 this commission issued its report, where, 
after going fully into calculations, and making exhaustive inquiries, 
it \i'as stated three hundred and fifty years would see our mines 
worked out. Such an Interval of time is a long period in the lives 
of men, and once the nation became accustomed to the idea that at 
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some distant time our coal-fields would be worked out, their former 
indifference to the matter was soon manifested. Mr. Williams goes 
carefully over the ground covered by the Coal Commission, and 
accepts their calculations as to the amounts uf coal in the known 
coal-fields, but at the same time most clearly demonstrates that the 
rates of increase on which the Commissioners based their calcula- 

• 

tions has been much exceeded, and that the estimates they made 
as to the life of the coal-fields cannot now be accepted as correct. 
After describing in tl t iil the actual increase in consumption, and 
pointing out how they differ from the calculated increases of the 
Commissioners, Mr. Williams comes to the conclusion that the 
present coal-iields of the United Kingdom will be exhausted in I02 
years. The chief point of diflerence between the actual figures of 
to-day and the estimates of the Commissioners is in the amount of 
exports. The Commissioners considered that an average of 12 
million tons per annum would meet all future demands, but this 
amount was exceeded in the same year that the report was issued, 
as the exports then arrived at the quantity of 12^ million tons. 
Year by year an increase took place, until in 1888 the exports 
amounted to nearly 27 million tons, having more than doubled 
in the past seventeen years. Although acknowledging the care 
with which Mr. Williams's figures have been compiled, it is im* 
possible to agree with all the hypotheses he draw$ from them. 
It must be remembered that he deals exclusively with the quan- 
tities of coal existing in the known coal-fields of the kin^^dom, 
and does not take into consideration the enormous bulk of mine- 
rals which, in all probability, exists under secondary formations. 
My own district forcibly illu.<itrates the true position of affairs. 
In certain areas the famous thick coal is practically exhausted, 
and many years ago eminent engineers drew attention to the fact 
that at no distant date this seam would be worked out. What 
are the real facts of the case ? Owing to proofs over faults and 
under secondary formations, and neglecting other areas where 
e\'ery probability points to the existence of coal, it may be broadl)' 
stated that at the present time more thick coal exists in South 
Staffordshire than there was cofisuunt/ to be in it twenty years ago. 
Numerous other coal-fields could be mentioned where similar ex- 
tensions of their boundaries have taken place. Then, a^ain. can we 
rea-sonably expect th.iL our output will ijo on increasing at the 
present rale? Surely some limit must be placed upon it. Taking 
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exports, for instance, if thcy^ increase in tlic way they are doinj^. in 
thirty-four years from now they will have reached the enormous 
figure of 1 65 million tons, ichick is mori- than the iv/iofe total output 
0/ the Kuii^dom in 1887! All probabilities point stronj^ly to the 
fact that the present rate of increase cannot be maintained. Tiie 
chief one, in iny opinion, is the (juestion whether our country will 
be able to support the large increase in population required for the 
estimated output of say fifty years hence. It may be argued that 
as improvements are introduced, every man employed in mining 
coal will turn out a larger quantity of mineral than he does at 
present. If we examine the records for the past few years they 
will not bear out such a contention. The figures since 1881 are 
as follows: 





Toul number of 


Statute torn of 


PradncdoB per 1 


persons eaiploy«d> 


OlinernK wrr sight. 


per annum. 


IS81, 


495.477 


l(>S,93.>,yjI 


321 tons. 


1882, 


503.987 




339 *• 


1883, 


Sl4t933 




326 '« 


1884. 


520^376 


174,872,759 




1885, 


520632 


»73.223.9'JO 


332 " 


1886, 


5 » 9.970 


170,006,059 


327 " 


1887, 


526,277 


«73t049,795 


329 



So that instead of an increase, we practically remain in the same 
position. Unless some radical change occurs, the figures seem to 
indicate that to double the output the number of persons employed 
will have to be doubled also. On the other hand, it may be argued, 
that as mining is carried on at greater depths and under less &vor* 
able circumstances than it is at present, every man employed will 
actually produce less coal per annum. Undoubtedly, the tendency 
of our day is for the population to migrate to industrial centres and 
leave the agricultural ones, but even talcing this into account, it 
must be remembered that in addition to the larger number of miners 
who will be necessary to produce the future output, more artisans 
will also be required to use the increasing supply in the various 
processes of manu&cture which coal aids. The probabilities raised 
by such a suggested increase in pt>pulation cannot be satisfactorily 
dealt with in such a brief review as the present address must neces- 
sarily be. Even supposing the increase in output possible, and the 
exhaustion of our coal supply to take place in the hundred years 
given to it. would it be advisable by any measure of restriction in 
output to delay the iacviuble cnJ? Our foreign coal trade is an 
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integral and essential part of our system and the measure of our 
commercial prosperity. To restrict output would increase prices, 
and cheap coal is a necessity, if we are to retain our place among 
nations. To enjoy the manifold advantages we do at tlie present 
time, coal must be raised as cheaply and disposed of as quickly as 
possible, and it would never do to sacrifice our present position in 
view of some sentimental and remote contingencies as to what may 
happen in the future. The inevitable day must come when we 
shall fall behind our competitors in the coal race, but even then, 
sentimental regrets as to the non-existence of our works and col- 
lieries would be out of place. 



THE THERMO-ELECTRIC PYROMETER OF 
M. LE CHATELIER. 

By JOSEPH STRUTHERS. 

The principle upon which this pyrometer is constructed is, as 
the name indicates, the measurement of a current of electricity 
produced by heating a couple composed of two wires, one ptati^ 
num and the other platinum with 10 per cent, rhodium — ^the cur- 
rent produced being measured by a galvanometer. 

There are two forms of this pyrometer difTering in details of 
construction ; one for laboratory use and the other for the meas- 
urement of industrial temperatures. The p)rrometer consists of 
the couple which produces the current, the galvanometer which 
measures it and the conductor connecting the two. 

The couple is composed of the platinum and platinum-rhodium 
wires, joined at one end and introduced in the circuit, and can be 
heated its entire length without producing; the opposite electric 
current, caused by the heating of the solder or weld at the juncture 
with the conductor; an essential quality for the industrial applica- 
tion of these couples. 

These wiies are of perfect homogeneity and do not liavc their 
thermo-electric properties altered by hammering ; they may be 
joined together in various ways; by soldering with palladium or 
gold, by simple twisting or by forging, the indication of the appa- 
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ratus being the same in all cases — ^these qualities permitting easy 
repairs in case of rupture. 

The composition of the gas which surrounds the couple has no 
influence on the indications, and to this advantage is to be added 
the important one which the couple possesses by virtue of its 
form, the long and slender shape rendering possible the taking of 
temperature at any point in a furnace. When temperatures above 
1400° C. are to be studied, the wires must have an isolating sup- 
port and must be of good length, so that all parts of a furnace can 
be reached. * 

For a Siemens furnace, 3.5 metres is the general length. The 
wires are supported in an iron tube, 1 5 mm. interior diameter and 
held in place by a cylinder of refractory clay having two holes 
bored through in which the wires are placed ; a wooden handle is 
sometimes connected to the tube by two rings as a bayonet to a 
gun, thus giving greater length. • The shortness of time (live 
seconds) allows the temperature to be taken without deteriora* 
ting the tube ; the only precaution necessary is to allow the wires 
to extend a few centimetres beyond the outer end of the iron tube. 
Other arrangements may be used, as when the continuous tem- 
perature of a furnace is required in which case the wires may be 
introduced through a permanent opening in the arch thus support- 
ing themselves. 

The galvanometer used is the reflecting galvanometer of Deprez 
and d'Arsonval, a detailed description of which can be found in 
any standard work on electricity, MM. le Chatelier and Carpen- 
tier have made several valuable improvements which render its 
manipulation more practical. 

This galvanometer consists of a strong permanent horseshoe 
magnet between the poles of which, placed vertically and supported 
by a standard, a piece of soft iron serves to increase the intensity of 
the magnetic field ; around this piece of iron (and so suspended 
that it will not touch either the iron or magnet) is a rectangular 
frame of fine wire supported and held in vertical position by two 
very fine wires of German silver, these serving also to conduct the 
current to the frame ; these wires form a torsion-balance in which 
the strength of torsion produced by the angular movement of the 
frame serves to counterbalance and thus measure the reciprocal 
action of the frame. 

To intensify the deviation of the frame, a small niirror is per ma- 
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nently attached to the upper part on the axis of suspension which 
reflects a ray of light and an image on a divided scale. 

The wires of the frame are of copper or German silver, the 

former having a less resistance and giving, other things being ccjual, 
a stronger current and greater deviation, but its resistance varies 
with the temperature ten times as much as German silver, thus 
necessitating corrections for shght changes of temperature, which 
could be avoided if German silver were used. 

Copper is usually employed for accurate measurements at high 
temperatures; German silver, when the temperature is below 
to*' C. 

The delicacy of this apparatus is such that it will indicate dis- 
tinctly a current of rffmjinrTnr a"ipere ; it is a gahanometre aperio- 
Sque or dead-beat, as the equilibrium of the frame establishes 
itself very quickly and the image acquires a fixed position on 

the scale ; finally, it gives deviations proportional to the strength 
of the current within an approximation of one per cent. 

The conductor is generally very long, tn allow the location of 
the galvanometer at any place in the building, and on account of 
the delicacy of the galvanometer, it is best to have it permanently 
fixed ; a length of wire about 50 metres being sufficient to take 
the temf)crature of several furnaces ; this wire is generally rolled 
on a bobbin and is always a part of the circuit, thus avoiding the 
variation of the resistance of the conductor. The disposition of 
the wires of the conductor is of no importance ; they may be strung 
on permanent supports, along the wall of building, etc. 

The disposition of the apparatus for laboratory use is illustrated 
in Fig. I. showing the galvanometer, the lamp for projecting the ray 
of light on the mirrors, the scale to measure the dex iations and the 
conduction wires on the bobbin connecting the g iK anometer to 
the wires of couple which, in this ca-;e. are introduced directly 
into the substance in the jar. The box of resistances here shown 
being used to obtain the initial resistances of the conductor and 
galvanometer and, as hereafter mentioned, to equalize the resist- 
ance of tlic galvanometer caused by variation of its temperature 
instead of mailing the calculation. 

The apparatus a's used for measurements of industrial tempera- 
tures diff<:rs in construction ; it is contained in two wooden boxes 
which, for ease in transportation, can be fixed to a middle piece of 
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wood having a handle at one end ; these boxes when removed 

Fio. 1. 




can be attached to a wall by means of loops A and B Fig. (2), and 

Fig. 2. 




made vertical by turning the screws v, v, at the bottom, guided 
by a small plumb-line attached to the box on the inside. 
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The box A contains the galvanometer differing from the one 
described in the support and construction of the wire frame; these 
supports are fastened to the back of the box and connected by 
means of platinum wire to the thumb screws, b» b, at the bottom, 
by means of which the connection is made to the conductor. 

In the manner of suspension, the frame differs from that of 
Deprez and d*Arsonval. The threads of German silver are termi* 
nated by small balls of platinum ; one of the balls is held in a 
notch arranged on the support (Fig. 3) ; the other in a similar 



F1C3. 




notch arranged on .the top of the frame. The same method is 
applied to the attachment of the lower thread. By reference to the 
figure it is seen that the mirror (mt) is not placed on the axis of 
suspension. This is counterbalanced by means of a disk {d) of 
metal of the same weight, thus restoring the centre of gravity 
of the frame to the axis of suspension. 

The supports are formed of a flexible copper plate, /, bent round 
to form a spring, which can be raised or lowered by means of a 
screw, V, 

The use of the thread with the two balls renders the pyrometer 
less liable to injury by transportation, since the frame and suspend- 
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ing wires can be withdrawn, the other parts are very strong and 
substantial. By having duplicate wires, any further accident can 
be repaired. 

Durinp^ transportation it is sometimes easier to wedge the frame 

in place and release the susjjcndin^ wires from tension. When the 
wires are replaced, care must he taken to place the upper and lower 
ones in their respective positions, as experience has shown that 
changing them modifies the elasticity of tension, and falsifies the 
indications. 

An aperture witli :\ <::jlass cover is made at the side to admit the 
passage of both incident and reflected rays. This box should 
always be closed. 

The two parts of the galvanometer can be placed on a frame of 
wood, where the position of the two boxes are marked, so that the 
distance between the scale and mirror is one metre. If necessaiy 
to remove the apparatus it suffices to hang the frame on nails and 
the placing in position is immediate. 

Thus It is seen that in order to e isil)- adjust this form of the 
pyrometer all that is needed is a \'ertical plane surface two metres 
square; this hein«^^ a decided advantage over the original galvanom- 
eter which recjuircs a horizontal table. 

The box B, from which the cover is removed during the obser\'a- 
tions, contains the lamp giving a steady flame and a cylinder of 
sheet-iron forming a chimney. At one side of this chimney a 
lens is placed to obtain parallel rays« and direct them to the 
mirror. A screen having an opening and image is in front of this 
lens, the image of the opening being reflected on the scale helps 
to obtain an exact reading. The scale is a transparent one, 
moving in a groove, and placed a little oblique to the plane of the 
apparatus, heiiiL^ perpendicular to tlie bisectrix of the angle ol 
greatest deviation in ortler to reduce to the least degree the error 
due to tlie substitution of the tani^ent for the arc in incasurin.; the 
an<^le of deviation. This error, however, would be of no inip^^rt- 
ance, since the angles considered are less than five degrees. In 
order to adjust the apparatus, the frame and the suspending wires 
must be made vertical ; this is easily accomplished by means of the 
adjusting screws and plumb-line. 

The luminous rays are made to fall on the mirror by rabing and 
lowering the box containing the lamp until the image falls on the 
scale. It often occurs in the first use of the apparatus that the 
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image does not appear, owing to the lamp being out of place, or 
the rcllcctcd ray passing to the side of the scale. This can be 
overcome by placing it in a dark room for adjustment. 

It is also advisable to close the circuit by attaching the wire of 
the conductor to the binding screws of the galvanometer, thus 
placing the galvanometer in closed circuit. Unless this precau- 
tion is taken the oscillations of the frame are stopped very slowly. 
In a closed circuit the equilibrium of the frame is restored imme- 
ediately and the image acquires a fixed position. The steadiness 
of the image is a certain guarantee that there is no break in the wire. 

The image being fixed on the scale^ it is placed at zero. This is 
accomplished in several ways; for a great angle of deviation it is 
necessary to turn one of the suspending wires by imparting a rotary 
movement to the little ball which terminates it, using pincers or 
the hand; for a small deviation sli^rlnly turn the case of the f^nl- 
vanuineter by means of one of the adjusting screws; if it is only a 
few millimetres from the line, move the adjustable scale in the 
groove which sup|)orts it. The apparatus is then ready for use. 

The manipulation of this apparatus requires care and some 
apprenticeship, but is within the reach of any one capable of 
making a fine reading. 

The graduation of the apparatus is made as follows: The 
pyrometer gives by the reading on a graduated scale in mm., the 
measurement of the intensity of a current produced by heating 
the thermo-electric couple. To deduce thermometric degrees from 
these readings it suffices to know the law of variation of the electro- 
motive force with the temperature f( E. t j = O, and the temperature 
correspontlini^ to any two points on the scale. This law, studied 
by M. le Lluiicuer for this couple, is explained only by very com- 
plex foimuljE, two equations of the parabohi of three terms, and 
even then with an approximation of 10° only, this approximation 
being greater than that which the pyrometer itself gives. 

The application of the formula is therefore not practical in 
translatin;^ the reading, but the study of the couple conducted by 
M. le Chatelier has a very interesting result, giving .the translation 
very easily, between 300** and 1200^ C. 

M. le Chatelier quotes, in his able article on the *' Measurement 
of High Temperatures/'* as follows: "If the relative curve of a 

* I.e Chatelier, ** Measures des Temperatures Elev^s." Journal de l*hysiqu€^ 2d 

series, t. vi. 

VOL. XU.— II 
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platinum and platinuin*rhodiuiii couple be studied, it will be ob- 
served that between 500^ and 1000^ it presents a point of inflection 
whose tangent merges into the curve to a great extent, so that 
between 300° and 1200° (the interval of temperature where the 
measures are most interesting) the curve can be represented by a 
straight line, of which the equation would be 

E = — 0.15 + 9.1 IS t, . . • (i) 

There is thus proportion between temperature and number of 
division on the scale. Practically, the easiest method of tran-.lat- 
ing the readings is by the use of a graphic chart, made by using 
points produced by heating the couple to known temperatures and 
from these points constructing the extended scale. 

The following is the description of the graduation given by M. 
Damour :* 

The temperatures easiest of comparison between the pyrometers 
and the normal thermimieter arc the points of the change of state 
bodies, the greater number of which have been the object of 
researches by the most able chemists. These are the fixed points 
borrowed from the determinations of M. Vioile, which M. le 
Chatelier used as starting points. 



Tcnpcraturai. 


Fiisioiu 




100 




Water. 


325 


Lead. 




358 




Mercury, 


4»5 


Zinc. 




44S 




Sulphur. 


665 




Selenium. 


945 


Silver, 




1045 


GoUl. 




1054 


Copper. 




1500 


PtalladiuM. 




1775 







These different points are not all of easy use. The point of 
fusion of zinc appears to present an anomaly similar to that of 
sulphur. In heating that metal beyond its point of fusion and 
letting it cool, an interval of fifteen degrees is found between the 
poini of fusion and of solidification^ but if once solidified and re- 
heated immediately the anomaly is not reproduced. 



* BulUtin de la Sociitides Anciens Olives de PEefle da Mines, Mars et AmiJ, 1889. 
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The fusion point of silver appears also to be somewhat variable.' 
This anomaly could be the result of absoiption of oxide of silver 
which the molten metal holds in solution and which is the cause 
of sprouting. Lastly, the three metals, Zn, Ag and Cu, have the 
great disadvantage of emitting at their points of fusion vapors 
which aflect the platinum of the couple. 

The points most frequently used for graduatin<^' apparatus are : 
boiling-water, the fusion of lead, boiling of sulphur, the fusion of 
aluminum and gold. The boiling of water presents no difficulty. 
The same is the case with boiling of sulphur, which can be done 
in a porcelain crucible of some depth, perhaps in a test-tube. In 
the latter case* one must guard against the ejecting of molten 
sulphur during bulling. 

Sulphur has no destructive action on the platinum or its alloy 
with rhodium. After the experiment any adherin<:j particles can 
be rubbed off. In the preceding operation the image preserves a 
j)osition absolutely invariable, and as the ebullition can be pro- 
longctl as long as desired, the reading can be made with great 
precision. Wiien a metal, gold for example, is carried to its fusion- 
point, the process is a little more delicate. The end of the couple 
is surrounded with a foil ; or better, the couple is wound with gold 
wire and plunged into a crucible filled with refractory material, 
such as j:irecipitated silica or magnesium carbonate. In order that 
the heating of the end should be very gradual, the crucible is 
placed on a heartii and regularly heated. M. le Chatelier used a 
furnace and M, Damour used Deviiie's turpentine lamp, giving a 
uniform heat. 

To measure the elevated temperature the image is displaced on 
the scale without a stop up to the point corresponding to fusion 
of the gold. At that moment the quantity of heat necessary to 
change its state causes a retardation in the progress of the image 
and a short period of rest, followed by a brisk jump of i or 2 
divisions on the scale, indicates the degree on scale to note. 

When the first attempt is made with a new couple and gal- 
vanometer the reading is generally a little difficult, owing to the 
production of some temperatures which cause rests on the scale 
and tend to deceive the operator. Usually ailer one or two trials 
one knows to within a few mm. of the right stopping-^ioint, and 
error is no longer possible. 



Digitized by Google 



152 



THE QUARTkRLV. 



Lead and gold do not attack the couple. The fusion-point of 
alum in urn which has been determined by M. le Chatclicr is equally 
easy to use, and possesses tlic advantage that it gives r tem- 
perature intcriiiediate between the boiling-point of sulphur and the 
melting-point of gold. 

A temperature higher than the fusion-{K>int of the metals of the 
couple is indicated by the breaking of the circuit Below is given 
a complete table of the results of the experiments of M. le Chatelier 
which served to trace the curve. Other known temperatures of 
fusion and volatilization could be used as fixed points on the scale. 





Flscd PdoM. 


Oeviatiom 

ObscrvcvJ. 


CRkahM 


HA- . • 


. lOO 








• » • ••«••« 


25.6 


340 


Hg, . . . 


. . • 358 


27.7 




S. . . . 


. . 44S 






Al. . , . 




57.3 


635 


Se. . . . 


. . . 66s 


6t,8 




K^O,» . . 




102.5 


1015 


Attp . 


. 1045 


105.6 




Pd. . . 




161. 




Pt. . . . 


• »775 


182. 





A. Rigaut* gives the following table of verification of results 
obtained : 

TcmpcCfttiires Degree* 

Admitted. OWrved. 

Bulling of water lOO lOO 

NH.Cl 340 3H ■ 

S, 448 443 

" Se 665 669 

Fusion of Au 1045 1043 

Pd 1500 1514 



The following is a chart showing the curve of temperature 
traced in the laboratory of the Ecole d'Mines with a galvanometer 
having an internal resistance of 250 ohms, which gave on the scale 
a displacement of 100 mm. for -pj-g^ volt The temperature of the 
appaiauis and of the point of juncture of the wires of the couple to 
the conductor being 17^ C. 



* Lo Lumiire Eledripte, Samedi, 17 Mai, 
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By inspection of this chart it can be seen that the tracing of the 
tempeiature curve on paper is rendered very easy if the paper is 
squared to lines i millimeter apart. The abscissas are taken 
from the temperatures to the scale of i to 5, that is, i mm. to 
5^ C. The ordinates are taken from the deviations of the gal- 
vanometer to the scale of 2 to i. 

This example may be^ used as a guide for the first graduation. 
However, it is important to remark that the results on the scale of 
one pyrometer cannot be expected to agree with results on the scale 
of others, and also, that results obtained by the same pyrometer 
under different conditions will vary. As a precautionary measure 
it is advisable to verify the chart from time to time whenever the 
pyrometer is to be used for very exact temperatures, and in this 
way avoid any cause of error. 

The causes of error and the corrections of the readinf^s are very 
ably tiiscusscd by M. Damoiir. In his article before mentioned 
he presents them in the following manner : 

Causes of Error in the Indications of the Pyrometer and the 

Correction of the Readings. 

From the preceding^ description it is always easy to refer the 
readings made by the pyrometer to normal thermometric degrees. 
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The verification of the scale made in the course of the testing 
allows suppression of the causes of error and arrival at an ap- 
proximation of 5 to io° Cp such being the conditions of the appa* 
ratus* But in industrial measurements, which have to be made 
rapidly, there is no time for verification. 

The errors are due to two sources, the galvanometer and the 
exterior circuit. 

The Galvanometer. — Some authorities question the conNtancy of 
the dead-l)eat galvanometer, claiminj^ that the permanent mai^ncts 
are affecte d by time. It is well, therefore, to verify, from time to 
time. All that is necessary is to pass a current of known intensity 
and to measure the corresponding deviation. A pile having a 
strong current of constant force can be used, but this is diflicultto 
obtain, and when used, necessitates the introduction of ^esi$tanc^ 
coils. The easiest way is to employ the couple of M* Chatelicr, 
which is considered unalterable. It can be heated to a fixed ■ 
temperature, such as the fusion of sulphur, and the deviation pro- ( 
duced by the known electric force can be measured. This brings 
us back to the remakini; of tlie L^raduation (chart), which is always 
advisable to insure absolute results. This cause of error, there- 
fore, merits no further discussion. The variation of temperature \ 
also affects tlie gaK an(~>meter. It is of fjreat importance, hut the j 
correction is easy, knowing the ratio of the deviation to the in- 
tensity. Take, for example, the use of the copper frame in the 
instrument tested by M. Damour; the resistance was 208 ohms, 
the increase of the resistance of copper for each degree centigrade 
between and lOO^ is 0.00388 per degree.* Suppose the 
graduation was made at 15^. In order to determine the correction 
which should be made if the galvanometer was at 16^, let R = 
resistance of the galvanometer ; then at 

• 

* The coefficient of correction is not Absolute ; k vnries with the difference between 
the two temperatures. The exact formula would be : 

in which | 

n ~ number of degrees (vb*;<Tv<>H on the scnle. 

if'sE^ " " uliii h wiiuM l)c oli-erved if | 

the galvanometer was at llie temperature of its 
gradoation, 

/ ^ the observed temperature of the galvanometer, 
/'a the temperature of galvanometer when graduated* 
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15° R = 208 ( I -|- 0.00388 X 15) = 220.10 
i6<* R'= 208 (l -f 0.00388 X 16) = 220.90 

J^-~.R= 0.80 

K'^R 0.8 ^ - 
rC 220 

The resistance being increased 0.36 per cent., the deviation of 
frame is less. It is therefore necessary to adjust the reading made 
on the scale to conform with the increased resistance. The ex- 
tent of error can be estimated in thermometric degrees as follows : 

The greatest deviation is 200 mm. corresponding to nearl>- 1 100^ 
which allows 5.5° to each mm., the correction being 

Si^X 200 = 072 

100 

5.5 X 0.72 3.9^ 

In practice, these errors can be adjusted even when the increased 
resistance is as much as 2 per cent, which equals 25^ to 30° tem- 
perature. 

(Another method is used for this correction and that is to intro- 
duce in the circuit coils of known resistance, and by their introduc- 
tion or removal from the circuit, counterbalance the difference of 
resistance of galvanometer caused by a lower or higher tempera- 
ture.) 

It is consequently necessary with the copper wire frame, to take 
the temperature of the location of the galvanometer by a ther* 
mometer; when the diflference between the temperature of the gal- 
vanometer and temperature taken when the chart was made exceeds 
2**, correction must be made. 

It is not the same with the frame of German silver, since the 
increase of resistance is ^ that of copper, equalling 0.044 When 
a frame of German silv^er wire is used, the following would be the 
formula to calculate the correction. 

A frame having resistance of 242 ohms, gave at a temperature 
of 1 500°, a deviation of lOO mm. : 

R— 242 (i -h 0.00044 X 15) = 243.6 
i?' =s 242 ( I + 0.00044 X 16) = 243.7 

R'^R = OA 

R' — R 

— — = 0.041 per cent, 
which represents a maximum error of a6^ at the temperature of 
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1 500° C. For differences of 5 or 6 degrees, the error is not worth 
while to carry to the thousandths^ and is rejected. 

Thus the German silver frame has the advantage of being able 
to reject the correction due to slight changes in temperature of the 
galvanometer ; but as the copper possesses a sensibility three times 
as great, and the correction for change in temperafure can be made 
so easily, the advantage of the frame of German stiver wire is ques- 
tionable. 

The calculations for these corrections are rendered very easy by 
employing a graphic method, in which case, all that is necessary 
is to trace the two curves corresponding to the extreme tempera- 
tures, and for intermediate temperatures to apply simple propor- 
tion to the portion of the ordinates between these two curves. 

Tlu Exterior Ciraiit, — This is composed of the conducting wires 
and the couple; the conducting wires are of necessity very long in 
industrial measurements. It mi»:[ht be feared th.it this would sensi- 
hl\' influence the tleflection ami diinim'sli the sensibility of tlic gal- 
vanometer by introducing that amount of resistance outside of the 
galvanometer. This influence, however, is insignificant. The con- 
ductor used being of copper wire, 0.9 mm. diameter, of a resistance 
of 0.025 per metre; lOO m. wire, giving 2.25 ohms being the 
resistance of the galvanometer itself, the variations due to tem- 
perature being in the thousandths, can be p,isseH over. 

The conductor can be thus lengthened to fit the position of the 
galvanometer and the temperature may be taken 150 m. from the 
furnace. 

The Couple, — ^The resistance of the couple ^rhen heated to very 
elevated temperatures has a particular importance in those measure- 
ments where it is necessary to have long wires of platinum and 
platinum-rhodium. 

To ascertain the limit of error in a couple 3)^ metres in length, 
which we supposed to be heated its entire length to the same 
temperature as the juncture of wires in couples, say 1 500^, the 
resistance of the couple would be about 2 ohms per metre, the double 
wire giving a total of 7 ohms resistance at 1500^ ; the increase of 
resistance is 0.6 per cent., giving 4.2 ohms, the error thus equalling 

^ = 1,6 per cent. ; this is large enough to apparently falsify the 
242 

results, inasmuch that in making the correction, it is assumed that 

the teinpeiature of the welde and the entire length of wire is 
equal — an hypothesis inexact and general. 
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There are two ways of obviating this difficulty. 

If the couple is placed directly tn the furnace in an isolating 
envelope, all that is necessary is to make the graduatit)n of the gal- 
vanometer under the same conditions, and the fusion points of 
metals, such as lead, aluminium and gold, are taken as the fixed 
points. The observation of the points of arrest on the scale is a 
little more difficult than the laboratory experiments. 

When the couple is in the cylinder of clay, and protected by a tube 
of iron, it suffices to take the reading just before the wires are heated. 
It does not take more than five seconds for the frame to assume a 
position of equilibrium, and with an interval of time so short, the 
elevation of the temperature of the cylinder can be neglected. 

As the deviation of the galvanometer results from an electro- 
motive force due to the diflerence of temperature between the 
juncture of the wires with the conductors, and the juncture of the 
wires tlicmselves, it is therefore necessary to note the temperature 
of the junction of the couple wires to the conducting wires, and if 
it varies appreciably from the temperature made at the time of the 
graduation of the apparatus, to acljust the readings made on the 
curve of the temperatures. Thi<< is on the supposition that for the 
same diftcience between tlie temperatures of the junctures the 
electromotive force is the same, irrespective of what those temper- 
atures may be, and this supposition is verified in practice by prov- 
ing that the two curves produced, when the end was at 0° and at 
25° C. respectively, are parallel. The temperature of the juncture 
of the couple and conducting wires can always be adjusted by 
pouring water on it. 

Daily tests made by this pyrometer in measuring furnace tem- 
peratures under a great variety of conditions, show that the read- 
ings of the scale uncorrected are always within 25^ of the correct 
temperature, and in the majority of industrial measurements this 
is sufficiently accurate. 

If greater precision be required, by following out the simple 
graduation and making the few corrections indicated, the tempera- 
ture can be approximated within 10^. * 

Thus the pyrometer is not only an excellent industrial one, as 
by its use the temperature of furnaces can be easily and absolutely 
controlled, but also one of ^reat scientific importance, affording 
the means of openin<; up researches which have heretofore been 
impossible, owing to the inability to obtam sufficiently close 
approximations of temperatures. 
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THE orKRATIONS OF THE UNITED STATES 
GEOLOGICAL SURVEY. 

By H. M. WILSON. 

The United States Geological Survey is making steady progress 
in its several fields of labor. Though the irric^ation branch of 
this bureau ceased to exist last Aut;iist oaaig u> ihc f.ulureof 
Couf^ress to .■ij)pio})riatc for its continiuition, still active and good 
work is bein^ done by the toi)otrraj)liic branch of the survey in 
reporting ou storage reservoir sites discovered by the field parties 
while prosecuting their topographic labors. The bill as passed by 
the last session of this Congress authorizes the Director of the 
United States Geological Survey to report for segregation and 
reservation from sale or entry, any reservoir site which the topo- 
graphers may discover. 

During the field season just closed, about 200 such sites were 
discovered by the topographers working in the arid region?, of 
which the majority are in Montana, New Mexico, Colorado and 
California. Whenever an apparently good site was noticed, a 
rapid plane-table and level survey was made of it, usually on a ^cale 
of 1000 feet to one inch, and this survey was connected with the 
corners of the United States Land Survey, so that the location 
could be identified and the lands reported for withdrawal. 

In addition to the discover}' of reservoir sites, the work of tab- 
ulating and mapping the results of the surveys goes on rapidly in 
the office, and the reports will soon be ready to go to press. The 
director has just completed and sent to the Public Printer the 
second volume of the Eleventh AnnueU Report of the Geological 
Survey, which contains the report on the operations of the irriga- 
tion branch. 

From this report it appears that stream gaugings were main- 
tained by the hydrographers on all of the more important streams 
of the West during the years 1889-90, li\>ai which a mass of \alu- . 
able information has been obtained regarding the disch<irge ot these 
streams during the different seasons of the year, thus showuig the 
water-supply available for purposes of irrigation. Some valuable 
experiments were conducted to ascertain the best apparatus and 
mode of conducting these gaugings. Experiments and observa- 
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tions were made to ascertain the amount of evaporation and seepage 
in various localities and soils ; and the available rainfall statistics 
were utilized to obtain the percentages of run-off for different 
catchment basins. 

The engineers made detailed surveys and reports on 33 storage 
reservoir projects and nearly a dozen great canal systems, besides 
making preliminary reports on over 250 water storage and canal 
projects and recommending then) for more detailed examination. 
The work of this branch was under the charge of a corps of ex- 
perienced engineers; Major C. E. Dutton, U. S. A., was the chief 
eoginecr, under whom Mr. Wm. Ham. Hall, ex-State Engineer of 
California, was supervising engineer of the Pacific drainage, and 
Mr. E. S. Nettleton, ex-State Engineer of Colorado, was supervis- 
ing engineer of the Atlantic drainage basin. Among the executive 
engineers were, A. D. Foote in charge of the Snake River Basin 
in Idaho, H. M. Wilson in charge of the Missouri River Basin in 
Montana. S. H. Bodfish of the Arkansas River Basin, W. W. Follett 
of tlie Rio Grande Ba.sin and a few others in charge of minor 
circuits. 

The surveys of the 33 detailed projects included the mapping of 
the reservoir sites to a scale of 400 feet to one inch, with contours 
at intervals of four feet apart, thus enabling the contents of the 
reservoirs to be accurately calculated for any depth of water. Esti- 
mates of the water supply of the catchment basins of the reservoirs 
were made from the work of the hydrographers and topographers, 
and a careful study made of the areas of irrigable lands, soil and 
crops. The canal lines for commanding these lands were run out 
and cross-sectioned, and designs and estimates have been submitted 
showing the quantities of material required in the dams and the 
amount and kind of excavation in the canals, with estimates of the 
cost of the works and their probable financial return. 

In addition to the eleventh annual report of the director, which 
goes o\ cr the whole ground in a general manner, five other reports 
are in preparation. These include a volume of the SfaiisHcs of 
Irrig€Uion in the Utiiied States, which is being prepared for the 
Eleventh Census by Mr. F. H. Newell, special census agent for 
irrigation; a volume by Mr. H. M. Wilson which gives the detailed 
results of the labors of the engineering branch, besides descriptions 
of some of the more important works completed or under construc- 
tion by private engineers in various parts of the country ; a volume 
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on Irrigation in India by Mr, Wilson, embodying the results of his 
examination and study of the works of that country made during 
a recent trip to India for that purpose. And I a stl \- a volume giving 
a summary of the progress and works of irrigation in France, by 
Prof. C. A. Keniston, C.E. ; in Italy, by Francis Fava, Jr., C.E. ; 
and in Egypt, by H. M. Wilson, C.E. All of these reports will be 
gotten up in the excellent manner which characterizes the publica- 
tions of this bureau, and will be liberally illustrated with maps, 
photo*engravings and diagrams. 

Rapid progress is bsing made in mapping the territory of the 
United States by the topographers of the United States Geologi* 
. cal Survey under the general charge of Mr. Henry Gannett, chief 
topographer. During the field season just closed there have been 
mapped in the southeastern division, under Mr. Gilbert Tliomp- 
son, 13,000 square miles in Maryland. Kentuck)-, Tennessee, West 
Virginia, Virginia, Georgia and South Cari)lina, The vvurk of 
this division is j)ublished on a scale of two miles to one inch and 
in fifty-fool contours. The central division, under Mr. J. H. 
Rcnshawe, has mapped 5300 square miles in Wisron'^in, Illinois, 
Iowa, Michigan and Arkansas to scales of one mik; <Mie inch 
and two miles to one inch, and in twenty antl fifty-foot contours. 
The Texas and Kansas Division, under Mr. R. U. Goode, has 
completed the survey of 17,000 square miles, to a scale of two 
miles to one inch and in twenty-foot contours. The Northeastern 
Division, under Mr. H. M.Wilson, has mappet! 5000 square miles 
in Pennsylvania, New York, Connecticut and Maine, to a scale of 
one mile to one inch, and in twenty-foot contoui^. In Louisiana 
and Florida, 2200 square miles were mapped to a scale of one mile 
to one inch, and with from five to twenty-foot contour interval, and 
the parties in that division have ag^ain just taken the field for the 
winter. 

The Western Grand Division, under Professor A. H. Thompson, 
has mapped 21,000 square miles in California, Nevada, Idaho, 
Montana, Colorado and New Mexico, to a scale of two miles to 
one inch, and in contour intervals varying from 20 to 100 feet, 
according to the nature of the topography, besides locating and 
surveying 200 reservoir sites, as before stated. 

The total area mapped to date since the organization of the sur^ 
vey in 1 88 1 , amounts to 6oo,oo3 square miles, of which about one- 
halt is in the arid west. 
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The survey of Connecticut, the fourth State mapped by co op- 
eration with tlie United St.ilcs Geological Survey, has just been 
conipletecL The first State to suggest co operation was Massa- 
chusetts, which appointed a commission coiiMsting of General 
Francis A. Walker, Chairman, H. L. Whiting and Professor N. S. 
Shaler. Work was commenced in i SS4 and was completed accord- 
ing to agreement in 1887. The field work was performed by and 
under the management of the United States Geological Survey. 
When this Massachusetts work was commenced, it was estimated 
that the map would cost ^10 per square mile, for which the State 
appropriated one-half or t^fiOO for her 3ooo square miles of terri- 
tory. The work actually cost a somewhat larger sum, the United 
States Geological Survey paying the difference. Besides giving 
the State copies of the engraved map, the Geological Survey 
loaned the State the engraved plates from which the Commission 
is publishing an edition of 54,000 atlas sheets, which are now for 
sale at a few cents per sheet. The State of Rhode Island was 
mapped in 1S88 by co-operation, at the estimated cost of $\o per 
square mile, of which the State paid half. The survey of Connecti- 
cut was begun by co-operation in 1888, and has just l)ecn com- 
pleted at a cost of about $g per square mile, which is $i less than 
the estimate, the difference to be returned to the State treasury. 
The survey of New Jersey had been partially finished under 
Professor George H* Cook, State Geologist, when the United States 
Geological Survey agreed to contribute to the expense necessary 
to complete it. 

This work of co-operation is destined to play an important part 
in the future operations of the survey, as other States .ue now 
begmnin^; to apj^reciate its benefits and are anxious to obtain the 
co-operation of the corps of tr.iinetl topoci^raphers in the employ of 
the United States Geological Survey, to enable them to obtain at 
small cost and in the shortest possible period of time, accurate 
topographic maps of their territory. These maps have proved of 
great value in delineating political boundaries exactly ; aiding in 
the planning of a system of modern highways ; and in showing 
up in connection with the work of the geologists the agricultural 
and mineral value of the land. 

The handsome engraved wall-map of the United States which 
the draughting division has been preparing for some time past, has 
just been received from the engraver. This map is on a scale ol 
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forty miles to one inch, and has contours at intervals of looo feet 
in the Appalachian and Rocky Mountain ranges, and at intervals 
of from lOO to 500 feet elsewhere. It is engraved and printed in 
three colors, as are all the atlases of the survey, and is by far the 
handsomest and most accurate general map of the United States 
ever published. 

The work of the Geological Division, under Mr. G. K. Gilbert, 
chief geologist, is being pushed over the unsurveyed portions of 
the United States in such manner as to continue the general study 

of the stratigraphic and structural geology of the country, besides 
studying various economic and scientific problems which are en- 
countered in the course of thegenenil L,'eoloL;ical work. The Cali- 
fornia Division, under Mr. G. F. Baker, is still engaged in study- 
ing the <:^cology of the Central Sierra Nevada, the Gold Belt 
district. Mr. W. Lindgrcn is doing the field work in the central 
part of the area, and Mr. IT. VV. Turner in the extreme northern 
portion and in the Yoscmite National Park. 

In the Montana Division, Mr. Arnold Hague, who is in charge, 
is engaged on working up the general problems and results of the 
Yellowstone Park survey. Mr. J. P. Iddings is working up the 
volcanic rocks of the Yellowstone Park and vicinity, and Mr. 
Walter Harvey Weed the stratigraphic and structural geology of 
thtf Yellowstone valley, besides studying the mineral resources of 
that region. Doctor A. C. Peale is engaged in studying the strati- 
graphic and structural geology of the Madison valley in Montana. 

The members of the Rocky Mountain Division, under charge 
of Mr. S. F. Emmons, are completing monographs on the Silver 
CliflT, Ten Mile and Denver mining district, and on the Anthracite 
coal-deposits of the Gunnison country. Professor Van Hise is 
engaged on the study of the Algonkian system of Fre-Cambrian 
stratified rocks, the new series of rocks which is found in various 
parts of the United States, but is especially prominent in the Lake 
Superior region. Doctor White and Mr. Lester F. Ward are con- 
tinuing their studies of tlie history of the Laramie group, the latter 
being engaged e.vclusi\ely on the paheontoloi^y of this group. 
Mr. C. D. Walcott is continuing his studies of the Cambrian 
system. 

In the east, Professor Shaler is studying tlie p^eology of the 
North Atlantic coastal plain, and Mr. McGee, with the aid of Mr. 
Darton, is studying the geology of the coastal plain at large. The 
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Appalachian Division, under Mr. Bailey Willis, are studying the 
strattgraphic and structural geology of the Palaeozoic rocks in the 

southern Appalachian Range. Mr. I. C. Rus.sell, who has just 
returned from a trip to Mt. St. T^lias, in Alaska, is engaged in 
rcp()rti!i<; on the geological and glacial plicnonivjna ui tlhit rcj^ion. 

In addition to the routine work of the division of chemistry in 
makinf^ the necess.iry analyses for the geologists, the various 
clu nii-^ts are engaged in doing an unusual amount of research and 
t x() I iniental work. Dr. F. W Clark, the chief chemist, is engaged, 
with the aid of Dr. Schneider, in making a series of experimental 
analyses of the silicates and in investigating the colloids. Dr. 
Hillebrand is working on the Uranium minerals, and Dr. Chatard 
on the Florida phosphates, and will soon go to Florida to make 
field investigations and collections, in connection with Mr. El- 
dridge, who is studying the geology of the phosphate deposits. 
Drs. Melville and Kakin are both working independently on a 
variety of mineralogic and crystallographic analyses and experi- 
ments, while Dr. Stokes is engaged on a revision of the silicic 
ethers. 

In the physical laboratory. Dr. Carl Barus is engaged in making 
experiments on high pressures and their relation to the boiling and 
melting points, in continuation of his former work in kindred 
lines, and Dr. Hallock is experimenting on the coefficient of expan- 
sion and the module of elasticity of rocks. This division of the 
survey has in the past issued several valuable bulletins, embody* 
ing the results of special experimental work in chemistry, and 
have yet more interesting volumes in preparation. 

It is tlie intention of the director to make a brilliant exhibit of 
minerals at the World's Columbian Exposition at Chicago, and 
the work of collecting will soon begin. The survey will be glad 
to acquire fine specimens of typical American minerals for this 
purpose. 
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Analytical Chemistry, by £. Waller. 

ObtatHtn^ lodi Hi' fret' from Chlorine. Musset {Pkarm, Ctnir. [N. F.}, 
xi., 230}. Ileal the iodine in a beaker with concentrated solution of 
KI until the haloid fuses ; drain, wash, and dry. 

LakmoiiL Forster {Zts. J. Angen. Cfum,^ '90, Heft 6; finds that the 
article usually sold for laboratory use contains impurities which interfere 
with its use, among others a substance which, though turning red with 
acid, is rendered permaneftffy Mue by alkalies. A good way of obtain- 
ing a satisfactory solution from the coiumerrial article is to extract 8 
parts wiih 100 parts ot 20 per cent, alcohol by heating over the waier- 
iMth for 1 5 minutes and then cooling and fittertng, afterward ^ding an 
equal bulk of alcohol. The addition of a little malachite green (about 
one-sixth), allowing to Stand and Altering, irives a more satisfactory 
indicator. 

Siandardmng AlkaSmsHc Sahttiofis. Heidenschein {Pkarm. Rund' 
sehau., viii., 133) recommends KHC^H^O, for this purpose, since it 

contains no water of crystallization, is not hygroscopic, and can be 
readily dried, withstanding a moderately high temperature without 
alteration. Hart and Croasdale propose {Jour. Analy. and Chem., iv., 
424) to electrolize a convenient amount of pure CuSO^. to weigh the Cu 
and use the solution, which will contain 98 parts pure H,SO« to every 63 
of Ca found, and with this to standardise. 

Potassium in Soils. Raulin ( C Rend., ex., 289), The method de- 
pends upon the comparatively slight solubility of potassium phospho- 
molybdate. The reagent is prepared by dissolving 100 gras. neutral 
arniuonium molybdate in water and adding 6.5 gms. pure ammonium 
phosphate. .\qua regia is addtd. and the sohition dige?«ted hot, with 
irif] K iu additions of aqua regia, until the ])rcri|)itate is rcdissolved. It 
is then evaporated to dryness, and the residue taken up with 400 cc. of 
water and 5 cc. HNO„ heated and filtered. A liquid for washing is 
prepared. 

A port inn of the soil, which should contain the equivalent of about 
0.015 grni. K..^O is weighed off, the potassitim salts extracted and sep- 
arated by some convenient methods tron^ the most ol the lime, iron, etc., 
and converted to nitrate. The solution is concentrated, acidulated 
with nitric acid, the phospho-molybdite reagent added in the proportion 
of about 4 cr, for every o. 01 grm. K /) supposed to be present, evafw- 
rated to drs iiess at 50°, fdtered, and washed with the washmg solution, 
using counterpoised filters. The precipitate contains 5.2 per cent of 
K,0. 

Qualitative for Alkaline Earths. Ludeking {St. Louis A rail. Sa'.). 
Alkaline chromate is a more delicate test for Ha tnan CaSO« solution. 
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The presence of Ca or Sr salts decreases the delicacy of both tests, more 
particularly that with CaSO^. The CaSO^ test for Sr is more affected 
by Ca than by Ba sails. No saiisfat tory method for precipitaiing Sr 
free from Ca (if present) has yet been found. The scheme recommended 
for qualitative detection is to precipitate the Ba from a boiling solu- 
tion slightly acid with acetic by mono- or dichromate. Test the filtrate 
spertroMopically for Sr Precipitate by ammonium carbonate, dissolve 
in as luile HCl as possible, and add H^SO^ to precipitate all Sr and 
some Ca. In the filtrate make tests for Ca. 

SeparaHoH of Baryta from Lime. R. Fresenius {Zts. Anal. Chem.^ 

XXX., iS). In a solution sonifU'h:t' :u id with acetic, alkaline rhromate 
scj .iraro the Ba with fair ac< uia« ). l>y douhlc pnt ipitation, — resolu- 
tion ill nitric acid, dilution, adding ammonium acetate and then chro- 
mate, filtering, etc., very exact results were obtained. The hydrO'fluo- 
silicic acid separation of Ba gave results a little too high. By a modi- 
firation of tlic same, which the author calls the combined method," 
correct results were attainable. 

jp€rr4hAhtmimmand Ahtmmim SfeeL Zicgler {Dingl. Pofyt, cclxxxv , 
526). Of the finely-divided sample. 0.5 to 1 gm. is fused with NaHSO^. 

After extracting with hot water (and testing the residue with HFI 'o he 
sure of com|)!ete dec »jm|)osition >, washing finally with weak lU'i [ 1 j)er 
cent. the iron is reduced with hyi>oj)husphile anti the alumina precipi- 
tate by ZnO. After filtration, the precipitate is dissolved in HCl, pre- 
cipitated with ammonia, and this again redissolved and reprecipitated. 
It n)ay be advisable to fuse this precipitate with N.i,CO,, and in the 
water solution from this fusion, to precipitate the Al by COj, dissolve 
in HCl and reprecipitate with ammonia. 

Estimativg Copper as Cupratis Sulphide. Uhl {Berichte^ xxiii., 1151) 

fiids that on iuiiiting CuS, mixed with S in a Rose<TU( iMe in a ctirrent 
of H, <,ives niore or less metallic copper, and hence, estimations made in 
this way give mcorrect results. 

Antimony in Alloys. Von B\lert (2^rr/M/<', xxiii., 2968). A three- 
necked Woulff bottle is used. lO one nerk is attached a CO.^ apparatus, 
that the operation may be conducted m a non-oxydizing atmosphere. 
To another is attached a CaCl, lube, and the hard glass tube, as in the 
Marsh apparatus. The centre neck is provided with two tubes, one for 
the introduction of the material, the other for HjSO,. 

O. 5 gm of the alloy is dissolved in 20 cc. of mercury and intro- 
duced. Then 100 cc. of HjSO^ (i^io) ''^Jri in, the air present is ex- 
pelled by CO, and the Marsh tube heated to redness. Then sodium 
amalgam (5.5 grammes Na in 25 cc. Hg) is run in. The evolution of H 
and SbH, is encouraged by a shaking and warming. 

The Sb which collects in the Marsh tube Is finally weighed as such. 

Determination of Tin and Antimony. Warren {Chem. A'ews, Ixii., 
216}. The material (slag, ore, etc.), in powder, is fused with ten times 
its weight of Na,COf and one of borax. The melt after cooling is dis- 
solved in HCl. After making up to a known bulk, an aliquot portion 
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is drawn off, precipitated with H^S, and the sulphides treated with strong 
NaOH solution. This sohition is divided into equal portions. In one, 
Sb is separated by Clarke's oxalic acid method, and finally weighe<i as 
SbsO^. In the other the sulphides are prccii>itait-d, converted to Sb,0^ 
+ SnOg and weighed. The difierence gives SnO,. 

Distinguishing As and Sb Spots (Marsh test). Deniges ( Camptrs Rend.^ 
cxi., 824). Dissolve in a few drops ot" HNO,, heat and adrl a little tnolyb- 
date solution. After a short time arsenio-molybdate crystals separate, 
readily recognized by their insolubility in nitric acid, their color and 
their stellate grouping when examined by the microscope. 

Delicate Heactionfor Arsenic. Fluckiger i Arch. Pharm., rrxxvii., i). 
Asli^, evolved as in the Marsh apparatus, wlien brought in contact with 
a paper moistened with concenlrateJ AgNQj solutiori, colors the spot 
yellow, from formation of Ag,As.AgN(),, turning black by addition of 
water. PH, gives a yellow spot of similar composition and reaction. 
H,S also gives a yellow s})ot, which is, however, not changed by water. 
SbH, gives a sub*;tance similar in composition, AgjSb^AgNOj. The spot 
is usually white or light-gray in the centre, and black on the edges only. 
On addition of water or ammonia, it becomes black. The reaction will 
detect 0.005 MgAs if the evolution of gas is not too rapid. Twice 
that amount is stated to be the limit of delicacy of the Marsh test. For 
evolving hydrogen, sodium amalgam is preferred. The author found 
that commercial magnesium contains arsenic. 

Vobtmeiric for Tellurium. Brauner (Proc. Lond* CAem. Sat., Dec, 
1S90.) The tellurium compound, which should contain the — ous 
form, is digested with HCl and SnCl,, and the excess of the latter then 
determined l)y iodine and thio sulphate. The reaction is TeCl^ 4- sSa 
Cl,= 2SnCl, + Te. 

Another method involving the oxidation of tellurous to telluric oxide 
by standard dichromate, and subsequent titration of the excess of di- 
chromate by ammonium ferrous sulphate, was found to be less satisfac> 
tory. 

X>eiietion 0/ the Halogens. Deniges {^BulL Soc. Chi'H. [3] iv., 481.) 
If a rod moistened with caustic potash or soda is brought in contact 

with gaseous CI, Br or I, and is then dipped into an aqueous solution of 
aniline, colors are developed — canary-yellow with I, orange-yellow with 
Br, and violet with CI. I interferes with the test for Br, the colors 
being so nearly alike, and both I and Br mask or prevent the CI reac- 
tion. I may be detected by adding to the liquid (about t cc.) so or 30 
drops cone. H,SO^, followed by solution of K,CrO, and testing the 
vapors with starch paper. On boiling and blowing out the vapors, the 
aniline test for Br may be applied, and after removing that by bodmg 
and blowing out, some permanganate solution may be added, and the 
aniline test for CI applied. 

Determining Iodine. Lebeau (C Rend., ex., 520). In a flask of about 
soo c.c. are placed 30 or 40 cc. CS,« an equal bulk of distilled water 
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and a known volume of the solution to be eicamined. A few drops of 

indigo solution are then added, and standard bromine water run in 
from a bottle, the mixture being stirred. The iodine set free dissolves 

in the CS^, As soon as the iodide is all decomposed, the exct*ss of Br 
f il l Iv ^ the indigo. The bromine water requires standardizing fre- 
4ucntiy. 

SuJjf^r in Cofnmercial Copper, Phillips {Chem. News, Ixit., 239), 

Ten gms. are dissolved in pure strong HNO,, the solution evaporated 
to dryness, taken up with moderately dilute HNO, and filtered if nec- 
essary. After dilution to 800 ex., the solution is warmed to 70** C, a 
little HCl added, and after stirring allowed to stand in a dark place to 
deposit AgCl. After filtration, the solution is evaporated twice or more 
with HCl to remove HNO^ ; and finally, in a bulk of about 700 c.c, 
not very strongly acid with HCl, BaCl, is added to the hot solution^ 
which, after stirring, is allowed to stand for twenty-four hours. 

Sulphur in Gas. Ilosvay (^«//, Soc. Chim.^ [3] iv., 714). An in- 
complete combustion of illuminating gas eomterts to tf^ the sulphur 
previously existing therein in some other combination. The same 
change occurs if the gas is passed through a tube containing asbestos 

and healed to 355-360° C. fdull red). 

Pajxir impregnated with lead acetate, if placed in a tube connected 
with that containing asbestos, shows the reaction promptly. It is best 
to interpose between the two, a washing-bottle with a plug of cotton at 
the exit. 

St/f' Ott in Iron. Clerc iZfs. Angno. Chcm.^ 1890, 49) warms i gm. 
of the iron with 15 to 20 c.c. water, 8 c.c. Br. and 75 c.c. HCl. After 
solution is effected, he dilutes with 200 to 300 c.c. of hot water, filters, 
washes and weighs. • 

Df/crminin^ Siiica in SilicaUs. Gilbert ( Techno/. Quarterly, iii., 61). 
In slags, etc., after fnsion with alkaline carbonates, dissolving in HCl 
and evaporating when much CaO and little MgO was present, the heat 
of the water-bath was sufficient to separate SiO, completely. Heating 
to higher temperatures tended to give higher results on account of ad* 
hering impurities. In presence of MgO, 120° C. was found to be the 
best temperature for drying, bases being partially retained by the silica 
at higher temperatures. CaO seemed to have but little tendency to 
combine with the SiO, during the drying, whereas, MgO tended to do 
so readily. 

Carbon in Iron and SteeL Langley {Am, Inst, Min, Eng,^ Pittsburgh 

Mtetini:;, October, 1890). It has W^-w proposed to prepare a set of 
samples of steel, which should be analyzed with extreme care, which 
might serve as standards to which scientific and commercial analysis of 
iron and steel could be subsequently referred. Previous to work upon 
the ** International Standards," it was deemed best, by the American 
Committee, to make some experiments with materials called for con* 
venience ** experimental standards." The results thus far reported (in- 
formally) as to carbon determinations are in effect that combustion m 
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a stream of purified oxygen with suitable precautif^ns is sensibly accurate. 
If tlie carbon contains CI, the combustion tube should contain a <:oil of 
metallic silver, and a solution of silver yifcferably Ag^Oj is essential 
in Che purifying train. The chromic acid method will bum all the 
carbon. If CI is present, some deoxydant (Pyro. with K^C^O,) is nec- 
essary in the purifying train, otherwise mm h CI may pass through an 
Ag,SO« solution in a combination not capable of being absorbed. The 
Ag,SO^ solution should be placed after the deoxidizing tube. The use 
of a little HCl together with the ammonium copper chloride, gives 
higher results than when a neutral solution is employed for dissolving 
the iron. It seems proi)able that the most, if not all, of the ammonium 
c<'pi)cr ( hloiide used, contains carbon in some form. Repeated rccrys- 
talliiation seems to remove some, but it is uncertain whether all is re- 
moved. Drying the carbon at temperatures above too** C. causes a 
lo^ of C. 

Nitrogen by Soda Lime Combustion. Berlhelot {Bull. Soc. Chim. [3], 
iv.). By conducting the combustion in a current of purified hydrogen, 
the destruction of ammonia, by oxidation from the air in the tube, or 
manganates in the soda-lime, is avoided. 

Nitrates or Chlorates hy lodometry, DeKoninck and Nihout {Zts. 
Angnu. Chem.^ 1890,477). Air being excluded by a stream of CO^, 
HCl gas is passed info the sohition, whic h causes an ovfjlntion of chlorine, 
3HCI + WNU^ + 2H,U + 3Ci or 6HCI 4- KC10, = KC1 -f 
3H,0 -r 6C1. The chlorine evolved is passed into solution of KI and 
the iodine titrated. 

Quantitative /or Nitrates in IVater. Thresh {Chem, NcwSf Ixii., 203) 
revives the tise of KI and starch for this purpose. The solutions usra 
are: 

I. Starch (VfJ Iodide. — Start h 0.2 gm. diffused in 10 c.c. water, then 
add I gm. KUH ; diiisoive without heat, add 2 gms. KI and dilute with 
water to 200 c.c. 

a. Dilute Sulpkurie Acid,~-0^t volume H^SO^ to three volumes 
water. 

3. Sodium Nitrite. — 0.493 ' ^'^''^ water, t ex. = 0.1 mgN. 

Shake some of the water m a il-isk so as to saturate it with air, pour 

fo c.c. mto a Nessler cylinder and add i c.c. each of solutions / and 2, 
fa blue color develops instantly, the water contains over one part per 
million of nitrous nitrogen and must be diluted. If it requires a few 
seconds to develop the color it contains less. By diluting measured 
quantities of No. 3 (dilnted ten times) to known bulks, a series of com- 
parison colors can be obtained; these should coniam 0.05 to 0.1 nitrous 
nitrogen in 50 c.c. Ten or fifteen seconds is sufficient for the develop- 
ment of the color. Water free from nitrites and shaken with air must^ 
of course be used in the dilutions. 

MiNERAUXSY, BY A. J. MoSES. 

Anthochroite and Violan. 

Schluttig's analysis of violan is substantially identical with that ot 
IgeUtrom's anthochroite, and, in spite of certain optical differences^ 
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Igelstrom claims their identity to De established, and that the name aniho- 
chroite should have the preference. — Neues Jahrb,t 1890, Bd. it., 270. 

Anthophylute. 

Found at Jenks Contndum Mine, Franklin, Macon county, N. C, 
in verv pure state, as fine, lustrous, trnnsparent rry^^tals of a delicate 
clove brown color, imbedded in green foliated penninite. — Amer.Joum^ 
Set., xl., 394. 

AuitlCHALClTB. 

Penfield concludes, from examination of pure material from Beaver 
county, Utah, that the formula of Bdttger, 2RCOj,5R(OH)^ in which 
K s Zn and Cu, is fxntt^tX^^Amer* Joum. ScL<t xli., 106. 

Caixite. 

San.soni describes the crystallization of calcites from several locali- 
ties in Norway and Sweden. — GiornaU di Mijuralo^ia^ vol. i., pp. 129 

(}. Cesara describes crystallization of calcite of Rhisnes.^ t7wiva/f 

di Miner., vol. !., p. 171. 

L. V. Pirsson describes remarkable crystals from Guanajuato, Mexico. 
— Amer. Journ. Sa., xli., 61. 

Castanite, Darafisky, ^^gS^O^fJ&JffO. MonoeKnic, 

Another oxysulphate of iron from Chili, closely related to amaran- 
tlte and hohinannite, is described as follows: 

Occurs in coarse prismatic crystals, rarely with distinct faces, upon 
olive-green copiapite, associated with hohmannite and amaraniite. H» 
3 ; G = 2.18 ; lustre, vitreous ; color, chestnut-brown; streak, orange; 
Translucent ; practically insoluble in water ; with difficulty soluble in 
HCl ; unalterable in the air or under dessicator. Named from Kastanie, 
chestnut*>^^4W«'/ Jahrb,t 1890, Bd. it., 367. 

COLUMBiTE of Black Hills, Dakota. — Amer. JaurUt S£i., xli., 89. 

Cryoconite {So^alled Cdsmieal Dust * *)• 

This name was given by Nordenskiold to the transparent grains of 
the powder which he found covering the surface of land-ice in Green* 

land. The crystalline form of these was said to be monoclinic, and the 
fomjula 2RSi,C),;. AlySijO^ TT^O. Later v. Lasaulx found the miterial 
to f)C essentially a gneiss, and to consist y>rincipa!ly of quart/, and mica, 
with also feldspar, hornblende, magnetite and garnet. E. A. VVUIfing 
now states that the mixture is mainly feldspar, quartz, mica and horn* 
blende ; that feldspar is the chief constituent, then quartz up to 15 per 
cent., then much smaller amounts of hornblende and mica. Accessories 
arc, rhombic pyroxene, magnesian garnet, zircon, and magnetite. The 
intermixed organic material, which is sometimes 5 per cent, of the en- 
tire powder, contains nitrogen and a slight amount pf humic acid.-^ 
Naies /akrd,, 1890, Beilage vii., 153. 
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Dysanalyte. 

Analysis of so-calied perolbkue of Magnet Cove, Arkansas, by F. 
W. Mar, show nearly lo per cent, of NbjO^, Ta.O^, and necessitate the 
classing of the mineral with Knop*s dysanalyte.— ^intfr.y^tfm&r.»xl^ 
403. 

EtICOUTB. 

According to Brogger^ all those crystals which have the fom of 
eudialyte and essentially its composition, but show ntgatht doable 
refraction in place of positive are *• to be considered eucolite." li 
appears, that the yellowish-brown crystals of Magnet Cove, Ark., are lo 
be classed under this head. — \, h\ Williams in Amer. Joum, Sd,, xl., 457. 

FowLERiTC {Rhaddnite), 

In V. Pirsson publishes results of cr^tallographic and chemical ex- 
amination of the zinciferous rhodonite ; the results do not show any 

definite ratio between the isomorphoiis bases present, nr a-n- marked 
lieviation in crystal angles from the normal type. — Armr, Journ, S(i.t 
xl., 4«4. 

Hauerite. 

The new find of this rare manganese sulphide, at Raddusa, Sicily, i> 
described by £. Scacchi» in GiornaU di MinenUogia, vol. i., pp. 187-189. 

Heintzite and Hintzeite. 

Independently, certain crystals occurring in him|isof pinnoiie from 
the vicinity of Stassfurt, are described under these names. Tlie diffinr- 
ences may be judged from the following summaries : 

Heintzite. Luedecke. H^KM^^B^^O^ MonocUnic. 

In gypsum-like crystals, ^5 = 57^41', a : b :r : : 1.291? : i : 1.7572, 
H = 4. G =2. 1 29. Clear and transi>arent. Melts very easily, roloring 
the flame green. Elasily soluble in HCl or HNO,. Analysis shows. 
BjOi, 60.53 ; 12.23 ; K^fO, 7.39 ; HaO, 19.85. 

Named after Herr Heintz, a chemist of Halle. — Zeitf, Kryst. ivitt., 
481. 

HiNTZFJTK. Z. Milch. N^Mg^K{BO^\ + GH^O. MonocUnic. 

In monoclioic crystals, a: b: c = 2.i937 : i : 1.73385, /5 = 8o**i2', H 
z=4 5, G = 2. 127. Colorless or cloudy white. Fuses easily to white 
enamel. Easily soluble in HCl. Analysis shows: B^O„ 52.39; MgO, 
13.80; K,0, 8.14; H,0, 23.83 ; Na..O. 0.39 ; CI, 0.35. 
Named after Professor Hintae,of ikeslau.— >Zn/yC KrysL^ xviii.»47^ 

HeMA 1 I 1 K. 

The grams of the Clinton oolitic iron-ore, instead of being spherical 
eoncrtihns^ are found, by A, F. Foerste, to frequently show the structiice 
of bryozoans and fragmental remains of the same, and to vary in size 
and shape with the character of the species from which they are formed. 
Generally, the iron has replaced the siiV)stance of the bryozoan, and also 
the cement which binds the grains together. In some cases, the lime- 
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cement has been but slightly altered; at other times, the lime of the 

bryozoans is little altered, while the lime of the cement which filled the 
cells is replac ed by the iron ore. — Amer. Journ. Set'., xli., 28. 

Crystalli/:^tion of Hematite of Strombolii described by G. StrUvcr,— 
Giorn. ai AJi/ieraL^ vol., p. 159. 

Lbadhilutb. 

The crystallization of Sardinian leadhillite is elaborately described, 
and ilhistrated, with numerous references, by £. Artini, in Giomaie di 
Min^raUgia, vol. i., pp. 1-29. 

Levbrrieritb.* 

M. Termier further describes the mineral and gives as the formula, 
H^Al^SljO,,, not far from pholerite.— iffir//. Soc, Frane, Mini, xiii., 335. 

Manga NPELTOLITE. J, F. Wiiiiams, {f^ Ca Mn)NaiJSi^Oy Mono- 

clinic^ 

This name has been given to a new zeolite, evidently a (ferompo- 
sition product of ytgiriie an<l the other mangamicrous muictals of the 
elaeolitic syenite of Magnet Cove, Arkansas. 

It occurs in tabular crystals, the largest of which are SOX 10x6 mm. 
in size, which show the three pinacoids and a dome, a : b : c : : 1.0731 : 
1:0.4840. There is an easy cleavage parallel to the base. H— 5; 
G = 2.845. Lustre, pearly to silky on cleavage; transparent, but with 
outer crust of brown, opaque material. Before the blowpipe the powder 
becomes rose-red, then melts with difficulty to a rose-red glass. Soluble 
easily in HCl, but, after fusion, soluble only slowly with a residue of pul- 
verulent silica. 

Analysis shows: SiOi, 5V03 » Fe,0,, o 10 ; CaO, 30.28; MnO, 4.25 ; 
NaiO, 8.99 ; H,0, 2.43 ; COi, o.8a. 

Is separated from pectolite chiefly by the manganese contained. Hence 
the name. — Zeit. f, KrysL^ xviii., 386. 

Melanophlogite. SO„2oSiO,. 

M. G. Friedet has made a careful re-examination of this interesting 
mineral, and his conclusions differ decidedly from those of Mallard, 
Pisani and others. 

Chemically, he states it to be a true combination of sulphuric anhy- 
dride and silica, in the proportion SO,. 2oSiO,. 

Crystallographically, he finds it to be a special case of pseudo-sym- 
metry, and not to be pseudo-morphic. The more perfect cubes show, 
in natural light, an infinitude of concentric cubic zones of growth, and 
the cubic diagonals are clearly marked ; under polarized light the diag> 
onaN are more clearly marked, dividing the cube into six qttadratic pyr- 
amids, which converge towards the centre of the cube and have the faces 
of the cubes for bases. Each cube face is found to be two planes inter- 
secting in a diagonal, and making an angle of 178.43 with each other. 
The pyramids are doubly refracting, the sign of each being positive 
with reference to the particular cube axis traversing the pyramid. No 
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cubic cleavage was observed. Finally, the fibres noticed by M. Mallard 

in the s|>heri( a! p:roiips are each divided, under j)olarized light, into two 
fibres of different colors, showing them to be only the interse< lion of 
the numerous crystals possessing a common centre. — £uli. Soc. Franc, 
iiin.^ xiii., 356, 

PiNAKioLiTE, FUnk (^MgO)yB^O^MnOMii^O^. Orthorhombic. 

A mineral related crystallographically and chemically to Indwigite 
has been found at Langban, Sweden, in thin fiarallel stripes and bands 
in granular dolomite, associated with hausraannite, tephroite, mangan- 
ophyllite, berzelUte, etc. 

It occurs in minute tabular crystals, usually very much broken, 
which show only oof 00 and 00 P3, and in crystals twinned parallel to 
a dome. The ratio a : b : c : 0.83 ^85 : i : 0.5S80 is calculated. Cleavage 
is parallel to « P 00. H.=s6; 0 = 3.881; lustre, strongly metallic, 
dull on prism, bright on pinacoid ; color, pure black ; streak, brownish- 
gray. 

Before the blowpipe the i)owder becomes black and melts with diffi- 
culty to a black non-mignetic shg. Soluble in HCl with evolution of 
CI. Analysis shows : B^Oj, 15 65; MgO, 28 58; MnjO^, 49.39 ; Fe,0^, 
2.07 ; CaO, 1.09; PbO, 0.76; SiO„ 1.21 ; H,0, 0.47. 

Named from Tttnt&^tm^ a little table. — Zdt.f, Kryst, xviii., 361. 

PowELLiTE* IV. H. Melville, Ca{Afo,JV.)0^. TefmgonaL 

Found at Peacock claim, •'Seven Djvib," Idaho, associated with 
massive lime garnet and bornite. 

Crystals pyramidal, showing base and sometimes the prism, a : c = i : 
Z.5445. In habit closely allied to scbeelite. 11=3.5; 6=4.536; 
lustre, resinous ; color, greenish yellow; semi-transparent; brittle. 

Fuses with difficulty to a gray mass ; is decomposed by HCl or HNOj. 
Analysis showed MoO„ 58.58; VVO„ 10.28; CaO, 25.55; SiO,, 3.25 ; 
Fe,0,, 1.65, etc. 

Named after Major }. W. Powell, Director of U. S. Geological 
Survey. — Amer/joum. Sci^ xli., 138. 

Pyritk. 

Crystals from three Italian localities, illustrated and described by 
G. Bocris. — Giotn. di Mineral. t\'o\. i., 103-107. 

Realgar ano Orpiment. 

Occurrence at Teste, Mt. Amiata, recorded by G, Grattarola, in 
Giornaie di MintrcUogia^ vol. i., 232. 

Sanguinitb, Miers. 

A probable hexagonal sulpharsenite of silver allied to proustite, but 
occurring upon the argentile of Chaftarcillo, in fine glittering scales or 
plates of a dark bronze^red color, resembling the pyrrhosiderite of 

Siegen. 

Lustre, like earthy liemaiuc; color, bron^c-rcd by retkclcd light, 



* See Scbeelite. 



ABSTRACTS. 



m 



blood*red by transmitted light ; streak, dark purplish-brown.-— ^//r. 
Afag., \x., 182. 

SCHEELITE. 

In conne' t'fm with the new species, powellite, is to be notit cd the 
annlyses of H. 1 .a ihe, in vvhicli raolybdic acid is found in Scheelite, 
replacing the tungbtic acid. 

Zinnwald, Saxony, i CaMoO^ with 8, 20 and 40 CaWO^ 
Altenberg, i CaMoO, •* 40 CaWO^ 

Pot Mine, S. Africa, i CaMoO, " 8 CaWO, 
Other localities showed small amounts of molybdate. — Neues Jahrb,, 
190, Bdla^€f vii., 232. 

Tantaute, of Black Hills, Ds^notk^^Am, Jmrm. ScL, xli., 98. 

Trimeritf., f 'ihik, Be{^Mn,Ca^F€yi\It)SiO^. Ttniinii. 

There has been found at the Harstig mine, Wermland, Sweden, in 
searching lor Iriedeiite, a mineral occurring under very simUar condi- 
tions, and in one case associated with the friedelite. The author states 
that he at first mistook the mineral for large light-colored crystals of 
friedelite. 

Trimerite is foimd enclosed in later-formed calcite crvsfnls, tipon 
a granular nias> of magnetite, pyroxene, garnet, etc., and immediately 
surrounded by haii-like grammatite. The crystals are small and pseudo- 
hexagonal', somewhat resembling willemite in form, but optically are 
found to consist of three triclinic individuals, whence the n&me, from 
rpcfiif/ij'^, divided in three. Cleavape parallel to base. 

H = 6 — 7; 0 = 3.474; lustre, bright vitreons ; color, salmon or pale 
yellowish-red to colorless; not usually perfectly transparent; fracture, 
conchoidal. Before the blowpipe, fuses with difficulty to a dark slag. 
Is decomposed by IlCi, with separation of flocrulent silica. Analysis 
shows; SiO„ 39-77 ; B ( ), 17.08; MnO, 26.86; FeO,3,87; CaO, 12.44; 
MgO, 0,61. — Zct/. /. Arjst,f xviii., 365. 

Uraninite. 

Dr. W. F. HiUebrand, from chemical examination of the uraninite 
of several localities, reaches the conclusions : that nitrogen exists in an 
unknown condition in uraninite in quantities up to over 2.5 per cent., 
and seems to hear a relation to the amount of UO^ pre^^ent ; that the 
uraninite of different localities differ widely in composition and physical 
characteristics, and that the formulae of Comstock and Brogger are in- 
applicable to such varieties as Broggerite, Cleveite and Nivenite. — Amen 
JauTH. Sa.3 xl, 384. 

Apparatits. 

Bartiltni and Grattarola d^'srrihe with ilhistrations convenient 
modifications of laboratory apparalii> for measurement of indices of 
refraction, measurement of angles, polarization, specific gravity, con- 
ductivity of heat, etc. — Giornaie di Mituralo^a^ vol. i., 113-128. 
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Sugar Analysis. For ReAneries, Sonr Housai, Experimental Stations, etc., and 
«s «, Handbook of Instrnction in Schooltof Chemical Technology. By F. G. 
Wiechmann, Ph. D. New York. 189a 

The author's position as instructor in chemical philosophy at the 
School of Mines and his wide experience as chemist to several of our 

most advanced sugar refineries have admirably cond)ined to enable him 
to lay before his readers a work of marked value and clearness, of great 
tise to students and chemists interested in the many branches of sugar 
analysis. Clearness and brevity mark the book, while its arrangement 
of subject-matter most rational and convenient. Starting with the 
various instruments used, the polariscope is considered from both theo- 
retical and practical standpoints, cuts being given representinL" the 
optical parts of the Soleil-Venlzke-Scheibler color instrument an<i oi the 
Schmidt and Haensch half-shade instrument with double wedge com- 
pensators. The directions for testing and adjusting polariscopes, a 
matter of paramount importance, are clearly given. 

Hydrometers of the vr^rienes used receiv*^ minute attention, with in- 
formation as to their manner of graduation, imuts of error and the prin- 
ciples involved in their use. Tl^ directions for graduation of flasks in 
true and in Mohr cubic centimetres doerve close attention^ as errors are 
so apt to creep in just here. 

Next ^ find described the manner of sampling molasses and synips 
as done for the refinery ami for the government, and the method of 
determining the colors of sugars and the colors and densities of solu- 
tions. 

The determination of sucrose when unaccompanied by other optically 
active bodies, is a simple matter, and the methods, with all necessary 
precautions, are concisely given, including what is so important in re- 
fineries — the quotient of purity or exponent of liquors, syrups, sweet- 
waters, etc. Of the different methods, Cassamajor's is that almost ex- 
clusively employed. A table is given of factors, corresponding to 
different fit <jrees of density of sugar solutions, by which the polarization 
is to be multiplied to give the exponent. 

In a refinery lal)oratory, it is well to have also a table of products of 
factors corresponding to the different degrees and tenths of density by 
the possible degrees and tenths of polarization, so that the exponents 
may be found at onre without ralrulation. 

rhe gravimetric determination of sucrose is accompanied by a table 
rendering calculation very simple. 

The determination of different optically active substances when occur- 
ring together is more difficult and is considered in several chapters, 
wbi* h are replete with the latest and best methods, containing evidences 
ot much good work by the author. In Clerget's method of inversion 
and polarizing, the constant 142.66 is used for the lalculation in lieu of 
the old constant 144. In this method the direct as well as the indirect 
polarisation should be made at 20^ C. to secure the best results. 

The interesting question of Rafllnose receives merited attention, 
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fenmilas being ^iven for calculating its percentage, as well as examples 
and a valuable list of references. Uptical and gravimetric methods for 

mixtures of sucrose and dextrose and of sucrose, dextrose and Irevulose 
are accompanied bv important researches by the auihiir, already pub- 
lished in the School ok Mines Quarterly, April, 1890. I he latter 
methods will find more frequent apj^ications in scientific than in tech> 
nical lalMnatories. 

Invert sugar is considered separately. The success of this determina- 
tion depends so miirh on an exact observance of minutiae that one is 
pleased to fmd liie details of Fehling's method carefully presented. 

A long description of the gravimetric method is given, with examples, 
accompanied by a table of factors to be used, as the proportion of Cafl, 
precipitated by the invert sugar, depends upon the ratio of sucrose to 
invert sugar in the solution. 

A method for invert sugar in presence of other reducing bodies is an 
important item. 

The preparation and use of Soldaini's solution are described, though 
this reagent has not met with general favor. 

The author rerommends drying sugars in vamo to save time. 

The usual deduction of one-tenth from the weight o\ the sulphatcd 
ash is incorrect when applied to cane sugars, as the author has shown, 
but this Is an empirical method which must be adhered to for the present. 
In the discussion of organic non<sugar, extensive schemes are given 
for the separation of the many organic acids which may orcur in stigars. 

A subject which will be of especial interest to refiners is that of the 
conclusions to be deduced from the analysis of molasses. A list is given 
of the methods of calculating the rendment, from the analysis, used in 
different countries. 

The atithor presents a full table of synonymous nam!^>< in English, 
French and German of the ditTerent sugarsand a long list of monographs 
on, and periodicals relating to, sugar. 

The volume closes with a collection of nineteen tables for use in 
facilitating calculations in sugar analysis, and providing much valuable 
information pertinent to the subject. They are quite a feature of the 
book, and will prove a great attraction to chemists busied in this de- 
partment. 

The whole work is characterized by clearness, and nearly every prin- 
ciple is illustrated by an example fully explanatory. The use of the 

word "sucrose" to designate the ordinary cane sugar is very good, as 
all ambiguity of terms is thus avoided 

One is led to regret that no mem ion is made of bone-black nor cer- 
tain laboratory tests on char washings, etc. But the book has purposely 
been kept sn^all^ and it certainly is an admirable treatise, to t>e highly 
recommended to refiners, chemists, Students and all who are interested 
in the analysis of sugar. 

W. D. HORNE, 

New Brunswick, N. J., Dec i, 1890. 



Diyiiized by Google 



1/6 



THE QUARTERI.Y. 



BULLETIN OF ALUMNI AND COLLEGE NEWS. 



Department of Mineralogy and Metallurgy. 

Since the last BuUetinp 300 specimens have been added to the mineral 

collection of the school. A number of beautiful specimens of chalco- 
trichite from Arizona have been received and exchanged. Five l^eaiitiful 
specimens, illustrating nearly all the forms of haucrite, have been 
received. A number of application-goniometers have also been par- 
chased, and a large goniometer has been received, which, it is hoped, 
will l)e presented to the school. 

With the exception of a very vahmble specimen of crystallized argen- 
tite presented by Mr. Robert Mulfor<l, of the Class of '84, there have 
been no presentations to the collection nor additions made to it from 
graduates. It is hoped that they will in the future be interested in col* 
lecting crystallized specimens to present to the collection. Some very 
valuable additions have been made by presentation from graduates in 
the past, and it is ho|>ed that it will he < oiuinued. 

The Catalogue of Mineral Synouivias prep.ired under the direction of 
Dr. Egleston and printed by the United States National Museum has 
been very favorably received. The following is from ButUHndeta So- 
€i€tf Franiaise de Affrt/'mh^^ic, DcrerBber, 1890, s'ol. xiii,, p. 404: 

"This very complete catalogue, of 198 01 tavo pages in two volumes, 
^ives the list of all tlie mineral pieces (in capitals, doubtful species in 
Italics), with their synomyms ( in ordinary type). Each species is followed 
by its chemical formula and the name of its crystalline system. Most of 
the specie:; are followed hv the indi I'i m of the author who created the 
name cited. It is to be re.i^retted tiiat the author has left this portion of 
his work incomplete. This dictionary will render great service to all those 
who have the handling of great mineral collections.*' 

Metallurgy. — 193 specimeiis have been added to the metallurgical 
collections, a few of which await lahellitig. For the investigations upon 
slags which are goiiij^ on, boxes have been receiveti from Mr. Austin, 
of the Class of 1876, and from Professor Pearce, of the Boston and 
Colorado Works. Also slags from Laurel Hill, sei^ by Mr. Ferguson, 
of the Class of 1887, The Tiffany collection has been enlarged by the 
presentation of ten specimens illustratiiii; all the stages of the manufacture 
of spoons ; eight specimens representing the manufacture of hollow ves- 
sels by hammering, and eight others representing the same manufacture 
by spinning. The whole collection now makes a beautiful suite. The 
collection of refractory materials of Joseph Dixon & Co. has been com- 
plete<l, and specimens of magnesite from Eubea have also been re( eived. 
The Pelton Company, of San Francisco, have sent a two-foot I'eltoti 
wheel with a 5^ and yz nozzle, in full working order. Eighty 
diagrams of recently-constructed furnaces have been added to the col- 
lection of diagrams. Considerable investigation work is being done in 
the laboratory at the present time. 
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Department of Mechanics. 

Dr. M. I. Pupin, Instructor of Mathematical Physics in the Depart- 
ment of Electrical Engineering, nnnonnres the following roiirsc of Uni- 
versily Lectures "On the Pnn( i]ile of Conservation of Energy and itd 
Application in Physics and Chemistry:"— 

I. Introduction. 
A. On the Simplest Phenomena, 

(\^ Motion of a material particle. The simplest accidents (rn/f 
Rankine, for the definition of the term "accidents") of a maiciial 
particle, vis.: mass, velocity, momentum, acceleration, weight, visviva^ 
work. The adso/ute or mass-system, and its relation io the practicai ot 
weight-system of physical measurements. 

^2) Motion of a connected system of material particles and rigid 
bodies whose condition is completely defined by masses, space co-or- 
dinates and their differential coefficients with respect to time. (The 
chief aim of these considerations is to sketch briefly the historical de- 
velopment of Me<hanirs during tlie interval between Newton's announce- 
ment of the Jhri't' Laws of A/o/wn and the discovery of D'Alem!)ert's 
principle.) D'Alembert's principle and its relation to the complete 
demonstration of the Principle of Conservatiw «f Vis Viva** La- 
grange's introduction of generalized space co-ordinates into the theorjf 
of motion of material systems. I^grange's, Hamilton's and Jacoby's 
Gcftfrat Dynamical 1-rinciplts. (A detailed discussion of these prin- 
ciples IS given, l>ccause ii is through these principles and the principle 
of conservation of energy that the application of Dynamics to Physics 
and Chemistry is made possible.) On the monocyclic material systems 
of Helmholtz. 

n. On Complex Physical Phenomena. — On material systems whose 
condition cannot be completely defined by mass, space co-ordinates, 
and their differential coefficients. On the genera/ accidents or proper- 
ties of matter and the possibiltty of their quantitative measurement. 
On Ener^Yy or the most ems^lex atcidenf of a material body. On the 
convertibility of energy and the possil)ility of a definition of energy 
based on the principle of its convertibility. 

B. On the Principle 0/ Conservation of Energy, 

III. ffiHoHfol Development of the Principle ef OmstrvaUan ^ 
Energy, especially its connection with the historical development of 

Thermodvnaniirs. (A short review of the labors of Carnot, Joule, 
Colding, Robert Meyer, Helmholtz, Kankine, Thomson, Clausius, Hirn, 
etc.) A detailed review of Helmholtz's Essay : "On the Conservation 
of Energy." 

IV. Formulation if the Principle and a Review of the Lines of ArgU' 
mcfit which prove it. 

V. On tfie Various Forms of Energy, viz, : — Merhaniral, thermal, 
electrostatic, magnetic, electromagnetic, chemical and luminous energy. 
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C. On the ApplicatiaH ef thtPtiiuipU of Consfrvation of Enet^S- 

VI. On complex states of matter and their complete dt-finition by 
means of the principle of conservation of energy. On the cxte?idrd 
meaning of *' kinetic" and "potential" energy, or the kinetic and 
potential energy of a complex state of matter. Validity of the dynami- 
cal principles of Lagrange, Hamilton and Jacoby in the case of complex 
states of matter. 

Vir. Application of the extended dynamical principles to the study 
of Physics and Chemistry. A brief review of the investigations of Ran- 
kine, Maxwell, Hetmholts and J. J. Thomson. 

The course will commence about tl^e middle of February. There will 
be one lecture of two to two and :i half hours per week. The course is 
one of the University courses in the Department of Mechanics; the lec- 
tures will, therefore, be delivered in Prof. W. G. Peck's leclure-rooro. 
Day and hour will be fixed to suit the convenience of the majority of 
tho« interested in these lectures. The course will extend over three 
terms. 

Depariment of Physics. 

At the earnest request of Professor Rood, President Ix)w has greatly 
increased the facilities and the spa< e occupied by the Physic al Depart- 
ment. The laboratory, insteati of consisting of a single moderaic-sized 
room, now occupies four rooms, one of which is quite large; the de- 
partment, including 1e( rure>room and cabinet, covering almost the 
whole upper floor of Hamilton Hall. 

Laboratory instruction, at present, is furnishefl to the Third-Year 
Class, and lo such members ot the Senior Class ol the Department of 
Arts as may desire it, as well as to Post Graduates. In expectation of 
the present development, a good deal of apparatus lor laboratory pur- 
poses had been acquired during the last few years, and with much that 
is quite new, is now being used for laboratory instrut tion, and the appro- 
priation for this purpose wdl, no doubt, be considerably increased. 

The services of Mr. Holbrook Cushman, a graduate of the Class of ' 78 
(Arts), have been secured as laboratory instructor. Mr. Cushman, on 
graduation, received the prize Fellowship in Science, and, in that capacity, 
studit^ti for three years in Furope, and since tliat time has held various 
positions as an electrical expert. 

DePARTMBNT op GfiOLOGV AND PAUeONTOfJOGV. 

Zoology.— A giti ot 310,000 has bec-n received from Mr. C. H. Senff, 
to be used for the purchase of soological books and apparatus, and some 
important additions have hence been made to the library. Among these 
may be noted a set of Challenger Reports," all the Natural History 
catalogues of the British Museum, and a complete set of the " Zeitschhft 
iUr Wissenschattiiche Zoologie.** 

The Zoological collections have been increased by the following col- 
lections made by Dr. and Mrs. John I. Northrop: 

1, A collection of marine invertebrates from Eastport, Maine. 

2. A collection of Bahaman marine invertebrates^ moliusca insects, 
amphibians, reptiles, and birds. 
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3. A collection of about 1500 local bird skins, purchased and pre* 
sentcd by John I. Northrop. 

4, A set of marine invertebrates, duplicates, presented by the National 
Museum. 

The following additions have been made to the zoological apparatus : 
One Ryder microtome, and one Zeiss dissecting lens. J. I. N. 

Department of ARrHiTEcrLi F.. 

The first competition for the Mi Kim Fellowship began on the even- 
ing of Monday, Jannnrv 5th, when about a doicen competitors, mostly 
from the clasi^es ot '69 and '90, assembled to receive the programme and 
begin their preliminary sketches. The subject of the design is *' a small 
museum for fifteen statues and fifteen pictures," and the preliminary 
sket( hes were handed in on Friday of the same week, the drawing being 
done at the school. The finished drawings, comprising a tjeneral plan, 
10 the yi-\nch scale, an elevation to the ^-ioch scale, and a cross-sec- 
tion of the main exhibition>room to the ^-inch scale, are to be exe- 
cuted at the school during the evenings of the fortnight ending Satur- 
day, February 2X%\. : no work, however, being done on either Saturday. 
The final examination on construction and [practice will occupy the 
evenings from March 2d to, and including March 6th ; and the two Fel- 
lowships, each of ^1000, will be awarded as soon theteafter as possible by 
an expert jury of architect^. 

The competition is being conducted substantially on the lines of last 
year's competition for ?!ie Columbia Fellowship, but with a rediu tion 
in the number of evenings of attendance required. Experience .showed 
that last year's requirements imposed too fetiguinga load upon the com- 
petitors, who were, in consequence, hardly able to do themselves fiill 
justice. Another innovation, is the provision for out-of-town graduates, 
who are allowed to take part in the competition under the supervision 
of some acceptable architect practicing in their vicinity. Three designs 
have been received under these conditions from Washington, D. C, 
Philadelphia, and Pittsburgh, respectively. 

The Saturday evening sketch-club of the second-year architects has 
proved very successful. Sketches from life of memliers. who pose in 
costume by turns, and sketch-designs of architectural subjects, alter- 
nately occupy the evening, and with some very creditable results. The 
weekly exercises in design, which Professor Ware has conducted in the 
same class, have also proved both interesting and useful. 

During the coming term exercises in Historical Design will form a 
part of the course of original study in Mediaeval History under Mr. 
Sherman. It is also probable that •* five-hour sketches " <n "General 
Design" may form a feature of the second term's work in the third* 
year class, a corresponding allowance of time being granted to the 
fourth-year men for the execution of their thesis drawing. 

A. D. F. H. 

Department op Practical Astronomy and Geodesy. 

Dr. Rutherford presented the College in J883 with his i v'nch refractor 
with photographic correcting lens, a fine transit, a Dent cluck, and micro- 
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nletcr^ etc.. in all valued at about $20,000. These gifts he has now supple- 
mented by turning over to the College all his original photographs of 
the moon, the sun and star clusters, with many volumes of measures 
made on the last. This collection of ue^Mtivcs numbers some 1600, 
many of which have not been measured. IVesident Low has had shelves 
fixed in the fi re-proof vault of Hamilton Hall, whereon to store these 
valuable photographs. 

Unfortunately lor science the plates and measures, though made 
twenty years ago, have been only partially reduced. Dr. B. A. Gould, 
in 1S66 and 1870, rend papers before the National Academy of Sciences 
on his reduction of the measures made in 1866-67 on the Pleiades and 
the cluster in Praesepc. He then showed that the photographic measures 
gave very valuable results. Dr. Gould's memoirs, however, were not 
printed until quite recently. The photographs made by Mr. Ruther* 
ford subsequent to 1868 were taken with his 13-inch object-glass and 
corrector (now in the College observatory), and the plates have bjen 
measured smce 1872 with his improved micrometer, where d^^iass scale 
was employed, so that the micrometer screw had to be depended upon 
only for a distance less than ten revolutions. 

None of the later measures have been reduced. The measures have 
been placed in. the hands of Prof. Rees and Mr. Harold Jacob) , of the 
Observatory. Prof. Holden, director of the Lick Observatory, writes 
Prof. Rees: I am very much pleased to know, from your letter of De- 
cember 13th, that you have Dr. Rutherford's original negatives, and 
better than this, that you are reducing them. I shall put his objects on 
our observing list ''that is, most of them\ and duplicate his work, and 
your reductions and ours will be a valuable gift to the photography of 
clusters and of doubles." 

In the Monthly Notices op the Royal Astronomical SoaExv or 

London for December, 1890, appears a paper by Harold Jacoby **0n 
the Cerroc tion of Micrometric Observations for Refraction." 

This paper is one of the results of Mr. Jacoby's stay in Cape Town. 
The Royal Observatory at Cape Town has published the tables computed 
by the formulse derived from the paper named above. 

Mr. Jac ob) has published, in No. 233 of the Astronomical Journal^ 
a paper " On the Reduction of Astronomical Photographic Measures." 
• 

Observations were made with the 13-inch refractor on the faint comet 
e 1890 (Zona J, by Prof. Rees and Mr. Jacoby. The results were pub> 
lished in the Asironcmicai Journal^ and used in the calculation of the 
comet's orbit. 

The equatorial is to be sii|>plied with a new eye-piece by Alvan Clark 
& Sons, arranged with ring micrometer for comet work especially. 
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metallic constituents rose up in a molten condition, or was driven 

into fissures and crevices from below, v/e might well conceive that 
the more volatile metals evaporated or were eliminated by combus- 
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ON THE GENESIS OF ORE-DEPOSITS. 
By W. H. von STREERUWITZ. 

(Geologica) Survey of TexM.) 

It is a fact, \vcll known among mining men tli.it the " Gossan " of 
the Cornisli, like the ' Kiserner I hit" of the Cieinians, the " Pacos ** 
and " Coiorados" of the South Anierican miner, in short iron out- 
crops and outblows may be rojrnrded as very proniisiiiL^ indica- 
tions of leads, not only of ferruginous leads, but of ore-bearing 
leads in !7eneral. 

As a rule, especially in igneous and metamorphic rocks of a 
siliceous character, these outcrops consist of iron-silicates, either 
fresh or in various stages of decomposition, and their surfaces 
frequently exhibit no trace of any other metal but Iron ; this bar- 
renness even prevailing to considerable depths. 

Now why is it that these outcrops are almost invariably com^ 
posed of more or less altered iron^silicates (whether resi!tlting from 
the decomposition of iron pyrites or otherwise] and why is it that, 
although devoid of other metals on or near the surface, they gener- 
ally carry such at greater depths ? 

If we assume that a mag^a composed of metallic and non- 
metallic constituents rose up in a molten condition, or was driven 
into fissures and crevices from below, we might well conceive that 
the more volatile metals evat>orated or were eliminated by combus- 
voL xu.— 13 
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tion from the matrix, so tliat only the less volatile iron-silicates 
remained, which afterwards underwent a process of decomposi- 
tion throiig^h atmosplicric agcnciL^, -^oaietimes giving rise to soft 
ochrous outcrops, such as the Aimagres of the Mexicans, Eiserner 
Hut, Gossan, etc. 

This h}^pothesis would not be upset by the fnct that such iron- 
outcrops are frequently rich in other metals on or close to the 
surface, fretting poorer at moderate depths and richer again deeper 
down. We could account for this by assuming that at the time 
when the fissures or crevices were filled they were overlaid by 
superincumbent rock masses, sufficiently thick and cool to con- 
dense and confine the volatile minerals in and around the ferrugi^ 
nous materials, in their uppermost portion's, which afterwards, 
through denudation, became our iron'Outblows, 

But, accepting these premises, we would still have to explain 
why larger and smaller pockets, irregularly distributed in the leads, 
differ often so completely in character from each other, so that we 
find ore-deposits contrasting widely in point of volatility and 
density, side by side or even connected with each other by veins. 

True, the original magma might have been cavernous or vestcu* 
lar, so that the metallic vapors could have accumulated or con« 
densed in already cooler parts of the fissures, but we have still to 
confront the greater difficulty, viz., the cause of the diflference in 
the ( liaracter of the mineral-deposits in the ca\ ities, and why the 
iron-outcrops are always siliceous, Vklicreas other metals of less 
affinity for sulphur occur as sulphates. Furthermore, we will have 
to account for the reason wliy pockets are sometimes very poor in 
iron and ricli in other metals. 

If. on the other hand, we assume that the fissures were filled 
with solutions of the different minerals, which now form the leads 
which are indicated by iron-outcrops, and that the gangues and 
leads as we find them are precipitations of the different minerals, 
and if we accept the hypothesis that in the wider portions of such 
fissures the liquids circulated slower than in the narrower ones, so 
that the rate of deposition was determined by the speed of the cir- 
culatory motion, we also encounter serious difficulties. 

Thus, for instance, we have to consider the probability that in 
the fissures close to the widenings were very narrow portions and 
xfice versa, so that we might well hesitate to draw conclusions in 
this .direction from such limited knowledge as we have of ore-leads 
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ill the whole extent of their horizontal and vertical ramifications. 
We also have to bear in mind that the solution which, at the time of 
its intrusion into the fissures and cavities, was in a highly heated con- 
dition, must have soon acquired a uniform temperature (especially 
in a magma protected by superincumbLni rocks) so that all cir- 
culatory motion, except such as might be caused by JitTciences in 
the specific gravity of the minerals held in solution, must have 
speedily subsided. 

Now if the precipitation was due to the retardation of the cir- 
culation, we would necessarily expect the richest dej^osits in the 
widest parts of the gant^nies, which is not the case. If, on the 
other hand, we attribute the motion to differences in specific 
gravity, the heavier deposits would invariably be found beneath 
the lighter ones, which is also not the case. Besides, if the afore^ 
mentioned agencies led to the formation of ore- pockets in the 
under parts of the fissures, how are we to account for the fact that 
frequently not only superior ores, but even larger deposits, are 
found in narrower parts of the fissures, where according to this 
hypothesis they ought not to be ? We also often find the heavier 
minerals high above, or alternating with, the lighter ones, which 
points against a circulation caused by difierences in specific gravity. 
Besides, this hypothesis does not touch the question why the ores 
in fissures of evidently contemporaneous origin in the same rock 
(and to all intents and purposes derived from the same source 
under the same conditions) are frequently so different, qualitatively 
and quantitatively, as iar as ore^bearing is concerned 7 And this 
difllerence exists not only in different leads ; there are very few, if 
any, leads in which the ore-bearing is (even approximately) uniform 
in quality and quantity for even limited portions of one and the 
same lead. 

To be short, since neither of the hypotheses hitherto advanced 
will afford a satisfactory explanation of the genesis of iroa-out- 
crops, we must endeavor to solve our problem in a different manner. 
The current theories have been in vogue for more than three hun- 
dred years, and it would seem as if no essential progress in the 
philosophy of ore-deposits and vein-formation had been made 
since Agricola's, " De ortu et causis subterraneorum " (1546) 
made its first appearance. 

If we place a piece of sulphate of iron (common copperas) into 
a cold^ not too much diluted, solution of an alkali-silicatei it 
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begins to {{row in thin, at 6rst nearly colorless, threads^ resem- 
bling somewhat the growth of algse in stagnant water. These 
threads, when reaching the surface of the liquid, begin to oxidize 
and spread, and then an accumulation of ferruginous silicate is 
deposited, rcscnibling that of the iron-outblows which indicate 
ore-veins. As far as I have yet been able to ascertain cxpct iiiicnt- 
ally, suljiliate.s ai\d other salts of metals, other than iron, do woX. 
grow or develop in this manner, or if they do, the process is 
exceeJinj^ly slow, so that one year's progress in Ljrowth is often 
barely perceptible, and such growth, moreover, never tends in an 
upward direction. If we heat our solution, the fibres of iron-sili- 
cate grow more rapidly, and at a temperature of 70 to 90 degrees 
(Centigrade) the development is so quick that, in most instances, 
it can be followed with the naked eye. Besides this the higher 
temperature causes the thin, smooth and almost colorless fibres to 
develop into thicker strings of brown and dark-green color, bend- 
ing in every direction and forming reticulations in which accumu- 
lations (pockets) are frequendy observed. 

Similar, though somewhat modified phenomena, are brought 
about by galvanic currents. In a heated solution, however, salts 
of lead, zinc, copper, etc., may be forced to grow upwards, but the 
development is slower and more irregular, and instead of slender 
smooth threads, irregular pockets, exhibitmg every variety of out- 
line (when different salts are used) and which are connected with 
each other by rough strings, arc formed. 

If, however, salts of other metals — not necessarily sulphates-^ 
are used together with the salt of iron, the threads of iron-silicate 
not only begin to grow at once but they carry along with them 
the other metals, so as to form veins of pure silicate of iron, or 
embracing other metals ; sometimes widening out into pockets 
rich in other metals, or even without a truce of anything but iron. 
From such pockets sprout again veins of pure iron-ore, or niiscel- 
laneous ore-veins which again may form pockets. Gold and 
phitiiuim salts (as far as my ex])erience goes) are invariably reduced 
to the metallic state, silver and copjKT salts frequently, especially 
if brought in contact with hydrogen or hydro-carbon injected into 
the solution. By continuously admitting small quantities of 
sulphuretted hydrogen, ammonic sulphide or carbon dioxide, the 
author succeeded in transforming some of the ore-strings into 
sulphides and carbonates. 
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In fact, there can be little room for doubt that anv form of ore- 
vein or outcrop found in siliceous gangues may easily be repro- 
duced on a small scale in the laboratory, in silica solutions, with 
the assistance of time, heat and galvanism from any given salt of 
a metal brought in contact with iron salts. 

The author's ob*;er\'atiuns were not limited to the [genesis of 
artificial ore-veins in experimental tubes ; he also stvidicd the forma- 
tion of acfates in free solutions. He invariablv found ih it the 
development of siliceous layers, instead of commencing with an 
outer zone and progressing towards the centre by a process of 
osmosis (as hitherto supposed), started with an actcular crystalline 
mass of silica as a nucleus, which then became enveloped by a 
thin film of silica, thickening slowly into regular agate-bands of 
various tints, through deposition on the surface. This phenomenon 
was first observed at the bottom of one of the test-tubes, which 
during the writer's absence in the field had been neglected for 
nearly two years, and tn which the metallic salts (chloride of gold 
and sulphate of iron) were exhausted. Above the layers of agate 
a dendritic siliceous structure had been developed, and over this 
again a cloudy deposit of micro-crystalline silica, which surrounded 
the metalliferous fibres and extended to the end of the tube (a dis* 
tance of fully twelve inches). Wherever this siliceous deposit 
touched the wall of the tube it showed plainly metallic gold, partly 
in microscopic crystals arranged in star-like groups, partly in bright 
laiiuii.t .iiid symmetrical octahedrons. 

The experiments here d3scribed are of course incomplete and 
to be regarded as a preliminary to more exhaustive inquirw For 
nearly two years, during which the writer was engaged in the 
exploration of Trans-Pecos Texas, the test-tubes were not attended 
to, and snii L tlic renewal of the investigation the time has been 
too short tor definite conclusions. Nevertheless the experiments 
would, so far, appear to establish the following points, viz.: 

1. It is principally the iron which, in silico-ferruginous fissure- 
veins, brought the other metals from greater to (by mining) acces- 
sible depths. 

2. Most siliceous ore-leads, carrying also large quantities of iron 
and having silico-ferruginous outcrops, seem to be deposited from 
hot aqueous solutions of the metals and silicates. 

3. Metals and metal combinations contained in the rock surround- 
ing the fissures and crevices, were probably leached out by the hot 
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liquids contained in the fissures and precipitated on and combined 
with the siliceous iron, growing up in the fissures. 

4. The fissures could be charged with ore>vein$ in a compar- 
atively short 'time, since, no doubt, high temperature and galvanic 
currents existed in the fissures at the time of the formation of the 
ore-gangues. 

5. In contact-gani^Lies the precipitation and deposition of ores 
was materially facilitated by ^al\ niic currents, caused by the con- 
tact of different rocks, and it is owing: to the prevalence of galvanic 
currcMts that in most cases richer deposits at the intersection of 
two or more leads were formed. 

6. The so-calleil iron outblows are frequently not the product 
of i^Mieous eruption, but a deposition-product from aqueous solu- 
tions, and alteration in the rocks contiguous to such outbiows 
are not necessarily the result of eruptive agencies, but of a leaching 
process. 

7. The formation of banded agates does not always take place 
(as generally believed) in the cavities of a rock, but can also occur 
free in solutions, and the thickness of the bands progriesses from the 
centre outwards, although a reverse process, by osmosis^ may be 
possible under certain conditions. 



AN ASSAY FURNACE. 

By HERBERT WOOD, M^, FELLOW, TORONTO UNIVERSITY. 

TiiE ace )mpanyin;^ diagram represents a muffle furnace as used 
in the Pueblo Smelting and Refining Company, Colorado. This 
furnace is one of a group of three which stand side by side, and 
the due here given is the one used by the three furnaces. A flue 
measuring 6 inches by 8 inches is, however, quite large enougli for 
one furnace. The approximate cost of such a furnace is about ^ioo. 



400 li redbrick . . . . 

400 red brick 

300 lbs. ArC'Clay, . . . 
Mason, 6ve lUiys, ^5 per day, . 

Castini;-, ..... 
Extras, mortar and carpenter, . 



$20.00 
S.OO 
8joo 

25.00 
20.00 
10.00 



moo 



AN ASSAY FURNACE. 



For transportation, etc., will require about $10. 

Such a furnace is hardly suitable for a mine unless it is well 
equipped in its various departments^ and has a large amount of 
fire assaying to do. 

The superiority of this style of furnace over every other consists 
in: 

Its economy of fuel (I have made * cupellations on 16 lbs. of 
soft coal) ; its cleanliness, being hx less filthy than the Kerl Furnace 
which is fed in front. 

Its rapid heating and excellent draughts. 

Its large muffles. 

I have worked with the Kerl Furnace, the double muffle and the 
Battersea, and I consider this the best. 



1 

J 




i7 







A furnace which is fed behind is always to be preferred to one 

fed in front, since the heat and dust of the latter is not recompensed 
by any gain in time; if indeed there be any gain in time. If the 
grate be properly cleaned or barred out with a long iron bar, 
and sufficient coal put in, the quantity being easily determined by 
practice, it need not be touched again during the assay. The 
increase of temperature required at the end of an assay for brighten- 
ing a bead, removing the last traces of lead, or perfect liquidation 
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in scorificationi can be got by stirring the coal a little iind closing 
the furnace door. The draught is excellent, and the position of 
the flues, as will be seen, causes the flame to circulate entirely 
around the muflle. There is one disadvantage, and that is the 
danger in feeding of breaking the cross-bar, i.^., the supporting flre- 
brick under the muffle ; this may be remedied, however, by con- 
structing knees or projections from the wall which serve as a rest. 
With care a muflle in constant use should last a month, and then 
a new bottom may be inserted from an old muflle. When the 
muflle finally becomes unfit for use the bricks in the arch are care- 
fully shoved in without damaging them, so that they may be used 
again, and the new muffle thrust into position. The arch is again 
wallcii up with fire-brick and fire-clay mortar. A liUlc fire-clay 
mortar at the front where the muffle touches the door, is often 
necessary. Tlie furnace should now be allowed to stand a short 
time till the mortar is nearly dry. The muffle should be placed 
with a slight slope from the back to the do.>r. This admits of a 
freer circulation of air, and enables the operator to see into his 
cupels. 

Another slight objection which I found in working with this 
furnace was the distance of the muffle door from the floor. It 
will be seen by the diagram that it is four feet. For my own use 
and for others of medium height, six inches less would make it 
more convenient. 

The size of the mufli^s used is : 

Small size, 9 inches by 15 inches. 

Large size, 13 inches by 15 inches. 

I have made thirty cupellations at once in the large size ahd got 
crystals on all. Twenty crucible assays may be made without 
difficulty at one time. 

The most refractory ores may be made easily by crucible pro- 
cess. About thir^ to forty minutes is required for a crucible 
assay in this furnace. I worked som; eight iponths with this fur- 
nace, and met with no such satisfaction in any other that I ever 
used. 
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MANUFACTURE OF SLAG BRICKS IN MONTANA, 
By THOMAS EGLESTON, Ph.D. 

The utilization of the slags of the various kinds of furnaces, which 
not only produce nothing but are a source of great inconvenience and • 
expense to the proprietors of works, has been the subject of much 
experimentation. As the quantity of slag produced in most of the 
works using shaft furnaces is equal in weight and greater In bulk 
than the amount of profitable material treated, a large amount of 
money has been spent in makin<; experiments with a view of utiliz- 
ing thefm.* Tliese consist of in some way causinc^ the slag to 
cool slowly, so that it becomes less brittle tlian when allowed to 
cool by itself, and thus becomes useful in construction; or -else in 
causini^ the sla^ to run ag^ainst a rapid stream of water, so as to 
granulate it, in order to use it for the manufacture of manure, sand 
or cetuent, or to carry it away as a waste product. 

The cooling process, when it is carried to its greatest limit, pro- 
duces a material equal to cut stone, but it requires time and a large 
'amount of space.f In many cases thorou^di tempering, as the cool* 
ing process is called, is not necessary, and in the great West espe- 
cially, is not always practicable^ and when the slag is not too basic 
the process of tempering can be carried on economically by doing 
it only partially. The slags of the West are not usually decomposed 
by the atmosphere and have great resistance to crushing, but are 
very brittle. When they do not require much handling, they can 
be used, when moulded, with great advantage for the construction 
of retaining walls, foundations, and of kilns for roasting ore or 
matte, while the chips are useful for making roads and the fines 
for casting beds, for which last purpose they are cleaner than 
sand, and require no addition of fluxes when the castings are 
treated in the furnace, since the slag is fusible. In order to make 
them cheap, it is desirable to have the shaping done in cast-iron 
moulds which can be easily taken apart and quickly put to- 
gether again. Casting in sand, with sheet-iron partitions, as is 

* Tramattiom American Imtitutf Mining EngineerSy vol. page 2o6. 
f Treatment of Copper-Siat«» At Mansfeldt," SCHOOL OF MINES Ql'AKTSaLY, 
vol. xii., p. 113. 
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done at Mansfe!dt. is only desirable when there is a large space 
and considerable force employed, when labor is cheap and Uiere 




is a constant demand for the product, for only in this way can the 
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skill be acquired which is necessary to get a material which is 
always uniform. 

The process which is used at the Parrott Works at Butte, Mon- 
tana, was invented by Mr. J. E. Gaylord, of that company, and is 

interestin<r because it allows of quickh- arriving at the result with 
ordinary labor, <iiul is applicable anyvvliere and to almost any slag, 
provided it holds together on cooling, as almost all the slags in 
tile West do. It consists simply in dumpmg the iluid slag from the 
inside of the ordinary conical iron pot into a cast-iron mould, instead 
of allowing it to get cool in the pot and tlien throwing it on to the 
dump heap. This rc juires that the casting yard shall be near the 
furnaces, so that the slag pots shall not have to be wheeled too 
far, and that the space shall be large enough for the men to work 
conveniently, and also space for the storage of the hot moulded 
slag while cooling. The plant required for this manufacture is of 
the simplest description, and the product available for almost any 
building required about the works, or, indeed, for any ordinary 
construction, especially for underground work. 

The slag'bricks at these works are made by contract, and are 
paid for at the rate of 85 cents to per hundred. The bricks 
are 12 inches long and six inches wide and high. This has been 
found by experience to be the most convenient size, but they might 
be made of any other size when it was desirable to do so. The 
Farrott brick weighs about 55 pounds; one man can make 350 in a 
day. They are made on an area' near the blast furnaces. At these 
works there are two plants for making them, each plant having 
three sets of apparatus at a distance of about 30 feet apart. These 
three sets are worked by one man in the day and one in the night 
shift ; or four men in 24 hours. When there is a greater demand, 
extra sets can be easily set up or shifts of eight hours can be made. 
The apparatus consists of a set of cast-iron plates, shown in the 
plan and elevation No. i. These plates are cast in the shape of a 
T and have beveled ends. They are one inch thick, 14 inches 
long. 12 inches wide on the inside and 14 on tiie outside. The 
bevel occupies one inch, so that the available inside space is twelve 
inches long and six inches wide and high. This piece is set upon 
a series of bed-plates, Fig. 2, which are fourteen by six and one and 
one-half inches thick. These are leveled up and form a floor, and 
are juxtaposed so as to leave their joints under the mould frames. 
The frames are placed together, so as to form five moulds, so that 



Diyiiizeo by GoOgle 



192 



THE QUARTERLY. 



the pointed* beveled ends of the long end of the T fit into the V-open- 
ings made by placing the beveled ends of the short ones together^ 
The method of placing them is shown in Fig. 3. No special end 
pieces are made for the purpose of resisting the pressure, but two of 
the castings are placed at the end for that purpose. On the outside 
of these and resting upon supports, nine inches high, plates of cast* 
iron six inches wide and of the same thickness are set, a little longer 
than the length of the five moulds. Theyr are reached by an incline 
three feet lont;, placed as shown in Fig. 4, so that the wheels of 
the slag-pot will run on them and be just over the moulds below. 
The incline is so gentle that there is no difficult)- in pushing the 
slag-pot up it. The pot full of sI.il; from tlie furnaces is run up this 
incline. The man shoving it makes two holes in the crust, which 
has cooled o\\ the tnj), while coining from the furnace, the front 
one to pour the slag out and the one on the other side behind it 
to allow of the (low. He then ti|)s the pot over by raisin;^^ the 
handle of the sla^^-wagon and the melted slag on the inside falls 
into the moulds below until they are full. There will then be a 
shell of slag on the inside of the pot. This is carried to the dump 
heaps and tipped there, and the pot is taken back to the furnace 
to be again filled. By the time the moulds in plant No. 3 are full, 
the brick man, who has just prepared these moulds and has 
watched the operation of casting, is ready to take to pieces the bed 
No. 2 previously cast He goes there, and with a hook which fits 
into the holes on the top of the castings, shown in the elevation, 
Fig. I, pulls out the irons and puts them to one side, leaving the 
hot bricks on the iron pavement to cool sufficiently to be handled. 
When this is done he goes, to No. i, the bricks of which have been 
cooling and are ready to be piled, but are still hot. He takes 
them up on a shovel and piles them close together, making headers 
every other row. He then reconstructs the moulds in No. I, 
putting the irons, which are still hot, in place by means of the 
hook, washes them with clay water, and by this time the bricks 
of No. 2 arc ready to be piled. He first goes to No. 3, pulls out 
the irons and then piles the bricks of No, 2. and by this time fresh 
slag comes to No. i, and soon. It does not take uuich more 
than ten minutes between the castinc: of one set and the making of 
the piles of the other. The bncks are left in the pile until they are 
quite cool, by which time they are sutTiciently annealed to be u<ed. 
There is always a considerable quantity of small stuiT made by 
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the stopping of the slag. This is taken away by one man with a 
horse and cart, and is used for making the roads about the works 
and for filling either between masoniy or in the ground. These 
bricks are constantly used about the works, and considerable quan- 
tities of them are sold to be used in the town. They are very 
advantageous for construction, as they require less mortar than 
ordinary bricks, and are quite as strong as stone, when they are not 
liable to shock. They are used exclusively in the construction of 
the kilns at that works, where they would last a very long time, 
but for tlie habit of coolinj^ down the hot ore with water, which 
makes it necessary to reconstruct them every four or five years. 
The bricks of the size made here are the nio'^t convenient. If 
made smaller they would cost too nuicli, since the labor wtnild be 
about the same whatever the size. If niatie larger they would be too 
heavy for the men to handle convenient!)'. They can be transported 
short distances and are cheaper and more easily laic! up than stone. 

The skill of the manufacture is entirely in keeping the irons 
above ground, moving them frequently and keeping them coated 
with cky water. When, as in some cases, the moulds have been 
permanently fixed in place and the slag allowed to cool in them, 
the cast-iron pieces have become useless in a short time. At the Par- 
rott Works, where the work is done carefully, they last indefinitely, 
and where the moulds are taken to pieces as soon as the bricks 
are strong enough to hold themselves up, the wear is inappreciable. 
The process is a very ingenious and simple one and applicable at 
any works producing slag. The cost of the plant is very smalt, 
the labor required is not high-priced, and over two-thirds of the 
slag is a source of a small profit to the works, instead of being an 
incumbrance and a source of expense. 



THE TREATMENT OF COPPER SLATES AT 

MANSFELDT, 

By T. EGLESTON, PH.D. 

(Continued from p. 117.) , 
3. Rmstiug the Maffe and Makifi<r Siifpfuiric Add. — The matte 
from all the works is collected at Eckardt Hutte and Kupferkammcr 
Hutte to be roasted, the object of which is both to drive off the 
sulphur, which is not required in the following operations, and to 
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oxidize the iron, so that it may combine with sih'ca and pass into 
the slag. This roasting is don^ in kilns, Fig. 5, which are small 
shaft-furnaces, 3.20 m. high. At the hearth, they have a section 
of 1.35 m. by 1.36 m., and from here they widen gradually to the 
throat, where they have a section of 1.60 m. by 1.56 m. These 
kilns contain, when full, ten tons of matte. Two sections of them 



Section on O P. 




Section on M N and Top Vieir. 




Fig. 5.— RoMfting Kiln. 



*r 7 T ' ! T ^ \ T"""-' 

Scale of Meiers. 

are shown. They are built in groups of twelve to eighteen, side 

by side, in two rows, and connect with the sulphuric acid chambers, 

Kach kiln is charged by a cup and cone. The top of the cup is 
covered by a movable c(»ik' as shown in Fig. 6. The charging- 
cone arranged so that it can be raised or lowered above or below 
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a circular hopper set permanently in the kiln. Above the throat 
there is an ore-hopper, and fitting over it and moving either 
with, or independently of, the lower cone, is an upper one, which 
fits over the ore-hopper and is brought down on to it when 

the ore is to be charged, so as to prevent the sulphuric acid from 

escaping from the throat when the lower cone descends into the 
furnace. The top of the furnace thus remains covered. If there 
is any obstruction in the upper part of the kihi, it can be broken 
up by working uitli iron bars through a hole made in the upper 
cone, while the under one is lowered. When the charge is made, 
the lower cone is first raised to its place, the top one is then lifted 
and a new charge put into the hopper In the inter\al before 
charging, the joints between the cup and the cone are covered with 
fine ore. Between the charges, the upper cone remains raised. 




Fig. 6.— Details of the Cup and Cone Chaiger. 
Scale — 0.03 m. ~ I m. 

The kilns were first constructed as shown in the Fig. 5, with four 
small doors in two rows at the top and three larger ones in a single* 
row below, but since the introduction of the double cone, the four 
small upper doors have been suppressed, as the upper part of the 
furnace can now be reacheil without inconvenience to the men, 
through the cup and cone from above, and they are no I mi j^cr of 
use. In the lowest door only, there is an opening for the admis- 
sion of air, which can be open or closed more or less, at will. In 
the new furnaces, the four upper doors are no longer put in. In 
the old ones, they are tightly luted and never used. 
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When the furnaces are cold they are charged with matte broken 
to the size of 0.30 CbM to 0.40 CbM, and mixed with small coke. 
After the matte has taken 6re, no fuel is added, as the sulphur in 
the matte is sufficient to furnish all the heat required. The only 
care the men have to exercise is to see that the charge does not 
sinter. This is done by making the charge of 100 of raw and 85 
of either half roasted or wholly roasted matte, and by opening one 
of the three large doors to allow the air to enter and thus keep 
down the heat. The quantity of air is so regulated as to give a 
gas containing 4 to 5 per cent of sulphurous acid. The men 
know that the kiln Is working properly when the upper part of the 
charge, about one metre above the hearth, which is not thoroughly 
roasted, will hold itself up when the fully roasted charge below is 
withdraw n. When the finished cliar^c has been drawn out, the 
pasty mass above is broken up with bars, so that the whole mass 
falls without mucli disturbance t<» the working. The gas from 
each furnace escapes by an (>i)ening in the top of the shaft into a 
canal conmion to all tlie kilns, and goes from there to the acid 
chambers. The kiln isdiscliargcd evcr)''twclve hours inthe ordinary 
working, but for the ** bottom process " every eighteen hours. A 
fresh charge is introduced immediately after a finished one is with- 
drawn. In the interval all the doors of the furnace are closed and 
luted. They are not opened except when the furnace is not working 
properly. With the poor ores treated at Kupferkammer Hutte,o.6 1 5 
tons of roasted matte is withdrawn at each discharge, or with the 
rich ores at Eckardt Hiitte, 0.75 tons. The roasted matte comes 
out of the furnace in rounded pieces of H dark color, more or less 
agglomerated, but which can be easily separated. It contains 
about ten per cent of sulphur. The outside of the pieces looks 
more or less scoriacious. The inside is a kernel which looks like 
the concentrated matte. As the amount of sulphur driven off Is 
a little more than equalled by the oxygen absorbed, one ton of 
matte at Kupferkammer Hutte ^ives t.070 tons of roasted matte 
and at Eckardt Hiitte 1.015. The daily production of each kiln 
is, at Eckardt 1.37 tons and at Kupferkammer Hiitte 0.97 tons. 
At Kupferkammer Hiitte there arc 72 of these kilns, 48 in two 
rows of 24 rows each and one row of 24. At Eckardt Hiitte 
there are 44, ur 116 kilns in the two works. The roasting is well 
done and costs but little. 

Suipliuric acid is manufactured on a large scale at both Kupfer- 
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kammer Hiitte and Eckardt Hiitte. This is done in lead cham- 
bers, the acid manuiactured being from 48° to 52® B. The table 
beJow gives the apparatus required at each of these works for this 
purpose : 

Ku]>r«rkaaivcr Eckardt 

HBlte. Hilltc. Total. 

Kilns 73 44 116 

Lead Chambers, .... 5 3 8 

Volume of lead chambers in C. M., 2142J.66 IJOO&ja 34432.18 

Ciy-Lussac towers 5 3 % 

Glover towers 3 a 5 

From 550 cubic metres of lead chamber one ton of chamber 
acid at 50^ B. is produced in 24 hours. The chambers are 5 m. 
high, 5.5 wide and of variable length, depending on the lay of the 

•ground and the work to be done. At Eckardt Hiitte there are 
three, one 67 m., one 60 m.. and one 5 m. They manufacture the 
inlric acid which they use. Saltpetre is used for that purpose 
only. The section of the Gay-Lussac and Glover towers which 
they formerly used were oblong. The new ones are round and 
answer ccpially well. These towers are built with sla-^ blocks 
made for the purpose. The concentration of the chamber acid is 
dtMic in platinum \'esscls. The chamber acid contains a small 
quantity of selenium and a trace of arsenic. It would not be 
worth while to take out the arsenic, but the selenium has to be 
separated, as much of the acid made in the works is used in dye- 
ing and the selenium turns the substances which are dyed red. To 
separate it and the arsenic, all the acid which has to be concentrated 
up to 66° B. is treated with sulphuretted hydrogen, made by treat- 
ing iron sulphide with 18^ to 20^ B. acid. No use has as yet been 
found for the arsenic and selenium so collected, but it is all saved. 
Much of the acid made at Eckardt Hutte is sold for the manufacture 
of dynamite, for which a very regular quality is necessary. The 
concentration up to 66^ B. is made in a Faure-Kessler platinum 
apparatus, which produces 4^ to $j4 tons of 66^ B. acid in 24 
hours. All the older forms of platinum apparatus* have been 
abandoned. The 50^ to 60^ B. acid is sold in small quantities in 
carboys containing 64 to no kilos respectively. The most of it, 
however, is sent away on the railroad cars In iron cylinders, con- 
taining 10 to 12 tons. The use of lead cylinders containing 6y^ to 
6.75 tons lias l-)ecn abandoned. To iill the iron cxlindcrs, the 
acid is forced by the pressure of air through leaden pipes 730 m. 

VOL. XII.--I4 
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long into collecting tanks at the railroad station at Hettstedt, 
which is about half a niiie, and the tank cars filled from there. 
The dirty acid which comes through the towers is clarified by 
causing it to pass through a number of quartz filters, from which it 
runs into the concentration pans quite clear. To concentrate the 
chamber acid into 60° B., Giover^s towers are used at Eckardt 
Hiitte and the vacuum apparatus at Kupferkammer Hutte. From 
100 tons of matte there were produced at Eckardt Hiitte in 1888 
41^ per cent, of sulphuric acid at 50^ B«, and at Kupferkammer 
Hiitte 47.6 per cent 

In the first three months of 1 88 1 there were produced per ton 



of raw matte : 

Kupferkaminer Cck;«rdt 

• * HUtle. HUttc. 

Of chamber acid at 50* B, . . . 479 K. 413 K. 

The <|iuuitit7 of nitric acid at 36 waa^ . . 7.93 7.50 

In 1888 there weie produced ; 

Matte Roasted Roasted Matte Qnnbcr Add 

in ton*. in l-^m. in tons. 

Kupferk.immer Htlttc, . , 2087S.267 21 787.5 9933 

Eckardt HQtte, . . . . 16113.2 11711 6688 



36991467 3S498.S »6621 
The produaion per ton of raw matte was : 

Kupferkammer. Eckardt. 

rhnnilxr acid at 50" B 476 K. 415 K. 

Roasted malte, 1. 040 1. 04 

The daily production of a kiln was : 

Kapferkammtr Eck»rdt 

HOtte. HQue. 

Roasting for ordinar)- concetUralcvl luattc, . 0.98 147 

Roasting for the buUom process, . . . 0.80 1.12 



In the year 1889, 37,543 tons of the first and 432 tons of the 
concentrated matte were roasted. The raw matte produced 16,5 5 3 
tons of chamber acid at 50^ B. ; 1 529 tons of this was concentrated 

to 1203 ^ons at 60° B., and 4929 were concentrated to 3179 tons at 

4, dnii i niration of the Raio Matte. — This work is done at Kup- 
ferkammer Hntt(\ where there are two works, and at Eckardt 
Hiitte, where there is one. In the first works, the furnaces are 
divided into two separate cst>^blishnionts nt different levels, in one 
of which there are four, and in the other, six furnaces. At Eck- 
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ardt Hiitte there are eight, making eighteen in all. These furnaces 
are shown at Fig. They were formerly used with step-grates, 
as shown in the drawing, but this has been abandoned, as it was 
found that the coal on the inclined grates was apt to bum in such 
a way as to form passages in the fuel and thus admit too much air 
to the furnace. The bars of the grate are now made only slightly 
inclined towards the bridge. The charge in the furnace is intro- 
duced by means of an iron hopper. In one section of Kupfer- 
kammer Hutte, the top of these hoppers is on a level with the 
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Section on Q R. 




to 

Fic. 7. — Matte Concentration Furnaces at Eckardt HQtte. 



Scale of Metres. 

floor of the shaft-furnace houses, and they are reached by means 
of an iron bridge. The dimensions of the furnace are given below : 



M. 

T\i ' - /rh of tin- heart?) i-i ...... 3.00103.96 

T\:r ui'illi of the luMTili nt the firr hridge, • • . 2,00 

'1 lie wi lth (if the hc.iitli at the mitUlle, .... 2.74 

Wullh at the working dix)r, 54 

Height at the lire>bridge, .82 

Height at the worlcit^ door, ...... .41 

Width of the fire-bridge .76 

Height from fire-hridge to roof, ^7 

Depth of ^ratt"-l>ar-; l>eh>w the hri'Itje, .... .79 
Size of the Ilue where it enters the arch, . . ». .29 and .44 
Length of the flue where it enters the arch, ... .63 
Width of the flue where it enters the chimney, . . 45 
The length of the flue is, ...... 45 



The fireplace is 1.05 m. lon^ and 1.2$ m. wide. The depth of 
coal, including clinker, is 0.70 m. at the bridge and 0.97 m. at the 
back. The coal is charged by a hopper. Over all the fire-bridges 
there is a row of openings 0.03 m. to admit air to the furnace to 
burn the gases. The hearth of the furnace is 0.20 m. to a22 m. 
thick. It is inade of quartz sand, which is either natural or is 
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ground for the purpose. It is put in in three layers when the fur- 
nace is at a red heat. It is inclined away from both bridges and 
towards the tap-hole. The furnaces, as now built, are served at 
Eclcardt Hutte by chimneys 14.5 m. high and 0.71 m. square. 
At Kupfcikammer Hiitte, tlie chimneys are 16 m. high. There 
arc also, in the old works, two chiriiiieys 37.7 m. high, with a sec- 
tion ut 1.72 Ml. h\ I m. The furna.ces last from four to five months 
with continuous working. At the end of that time the hearfh 
must be made t>ver and the arcli mubt undergo serious repairs. 
The whole roof has to be rebuilt every twelve montlis. Tlie fire- 
place has t() be repaired every few weeks. The bricks wliirh are 
used in the construction of these furnaces are made not far from 
Eisleben. 

The object of the operation is to produce a matte containing 
from 74 per cent, to 75 per cent, of cof^r, which will contain all 
the silver, to get rid of a part of the zinc, arsenic and antimony by 
volatilization, and to make most of the iron and a part of the other 
impurities pass into the slag. As there is not sufficient silica in 
the roasted matte to form the slag into which the iron must go, it 
is added in the shape of sand. Zinc is especially prejudicial in the 
matte concentration, and while only a small quantity of it passes 
into the matte, it makes the slags pasty and causes a scum to form, 
which lengthens the operation and renders it much more difficult, 
as they do not easily separate from the matte. This is especially 
noticeable at Eckardt Hiitte, where the ores contain but little zinc 
and the separation of the matte and slag takes place easily, while 
at Kupferkammer Hutte, where they contain a great deal, almost 
all the slags contain grains of matte, and have to be either re-treated 
or, in order to make the separation, the mattes are made to flow 
into conical pots, where the separation can take place. But this 
entails another e\ il, which is that the slow cooling of tiie rich matte 
involves the separation of the silver as metallic silver, which can be 
clearly seen with a magnifying i;hiss and causes a considerable loss, 
as metallic silver is n<jt attacked in the Ziervogels process. The 
operation is conducted in two ways. The ordinary concentration, 
which has been carried out since 1887, consists in making {a) a 
matte containing 74 per cent, to 75 per cent, of copper. The other 
{p) consists in making a matte containing 78.50 per cent, to 79.8 
prr cent, of copper and bottoms. Both of these mattes are sent to 
uottesbelohnungs Hiitte for desilverization, but the bottoms are 
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sent to the electrolytic workii at Ober Hiitte. There are used in 
the furnace in a shift : 

KupferkaniiDer HQue. Eckardt HQtte. Bottom work. 

Tool. Toitt. Tom. 

Roosted matte, . • • 2.80 z^xo-zjio 8-3.50 

Quaruund, . . o.o8o-aoi40 0.060-aioo 0.080-0.100 

To the roasted matte at Eckardt Hiitte, 6 per cent, to 7 per cent, 
of unroasted matte, and at Kupferkammer Hiitte, 0.1 percent is 
added, and, in addition to this, the rich slags from the same treat- 
ment The time required is six to seven hours. It is indispetis- 
able to form a thin slag, so that the separation may take place 
perfectly. For this purpose, as soon as the charge is introduced 
and spread out in the furnace, all the doors are closed and luted 
and the furnace brought to a high temperature as quickly as pos- 
sible and kept there. After three to three and a half hours, the 
doors are opened and the charge rabbled. This is repeated twice 
and the charge is considered as ready when it is thin and nothing 
is found adhering to the hearth. The charge in the furnace is now 
composed of three beds, metallic copper below, matte ab^vc and 
slag on the top. Tiie furnace is i.tppcd and the copper is caught 
in small cast-iron pots. The matte is run out on to a casting-bed 
covered with cast-iron plates, which is 6 m. to 7 m. square, and 
makes plates which are 0.04 m. to 0.05 m. thick. This is done 
because it has been found that when the matte is in such thin 
sheets it cools so rapidly that no separation of the metallic silver 
takes place, and as this would be prejudicial to the subsequent 
separation of the silver, this method of casting is now adopted. 

Formerly, the matte and tlie slag were discharged together, the 
matte running into the first cast-iron pot and the slag overflowing 
from there. In this way the grains of matte were separated from 
the grains of slag as now, but the matte remaining a much longer 
time in the melted condition, a liquation took place in the matte 
with a separation of the silver, which complicated the next opera- 
tion unnecessarily. Since the matte has been cast in thin sheets 
tthis difficulty no longer occurs. 

As soon as the slag shows itself, the spout^ which is movable, is 
'turned over the first of a series of six to eight conical iron pots, 
0.60 m. in diameter and high, which hold 300 to 400 kilos each. 
The^.are arranged in cascade, so that the overflow from one runs 
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into the one below. This is done in order to catch the grains of 
matte which are carried ofif with the slag. The most of these 
separate in the first two pots. The knobs which settle in these 
pots are put back into the furnace. At Eckardt Hutte, just before 
the slag solidifies, an iron cone with a ring in it is pushed down 
into the melted slag in order to lift it out of the pot. To do this, 
a horizontal crane composed of two T-bars fastened into the side 
wall of the building and supported from the roof, is carried over 
the line of pots. A chain pulley with a hook serves to raise the 
solidified slat; from tlie pot and carry it out of the building. 

The slags which are produced in this process contain on the aver- 
age two per cent, of copper. They were formerly all treated in the 
ore-furnaces, but this practice is now tvi be abandoned and lliey 
are to be treated in a shaft-furnace by themselves. The furnaces 
are tapped every six hours and yield 8 to 10 tons of white metal 
in 24 hours. The slags can only be cascaded when they arc thin. 
When, as at Kupferkammer Hiitte, they contain considerable zinc, 
they are pasty and only 37 per cent of them will run. The rest 
have to be drawn from the iurnace with the rabble and are always 
rich in grains of matte. 

It is not always possible to arrange the charge so as to produce 
the rich matte. What can be done can usually be told from an 
inspection of the roasted matte. It is in reality the only way to 
correct it. If a mistake has been made it usually becomes apparent 
after the drawing of the first slag. If the slag, when it is rabbled, 
foams, and if the matte, when it is cooled on the rabble is too rich 
or contains metallic copper, the matte has been roasted too much, 
and an addition to the sulphur must be made by charging suffi- 
cient raw matte to furnish it. If the contraty is true and the 
matte has not been sufficiently roasted, rich concentrated matte or 
even metallic copper must be added to it to take up the sul- 
phur. If the changes made in the charj^c do not succeed in bung 
ing the matte up to the required standard, it is u'led in other 
charges. It is generally not wise to try to correct the charge 
towards the end of the operation, either w ith dead roasted or rnw 
matte, lor this introduction of cold material cools the charge and 
prolongs the time of roasting. When the matte cast contains 
considerable quantities of metallic copper, it is certain that the 
hearth has taken up some of it, and several successive charges of 
imperfectly roasted matte can then be made with a certainty of 
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always getting^ a rich matte which will not contain less than 74 
per cent. With a little practice the rich concentrated matte can 
be accurately distinguished by the eye by its dull gray color and 
its fine grain. When the eye is not practiced, the only way to tell 

is by tlie specific gravity. When it contains 74 per cent., of cop- 
per, it has a gravity of 5.76, and when it contains 75 per cent, of 
5.80. When bottoms are made the corrections cannot be niadc in 
the chart;c. l>.\li ct matte is only snfflcicntl)' ricli and pure when in 
the hliift, at least 100 kilos of bottom copper has been taken out. 
When this separation has not taken place the extra matte is not 
used as such. The concentration slag contains oxide of copper as 
silicate, and accordin^j;^ as it is taken from the casting pot or flows 
by itself, contains more or less shot matte. On account of its basic 
condition and of its high oxide of iron contents it was formerly 
used in the first melting. 

Tile following analyses show the composition of the concen* 
trated matte : 



Knp^rKKinner Hfitte. Rckardt HQne. 

, iSSo. 

Iron, l.9i>i 2.59 1.34S 2,87 

Matigaiie!>e, .Oil ...... .OI 

Nickd 0.634 .536 0.678 .304 

Cobalt, .... aaii .178 aaao .187 

Zinc 0.005 »-378 0.674 .514 

Lead 0.835 -816 0.952 .557 

Copper 74.3 73.20 75.8 74.5*2 

Silver, ..... 0.365 0.427 0.358 .429 



79324 79-25<» S0.030 79-383 



In 1 888 they contained : 

Copper. S»lv«r. 

Eckardt HQtte, 75.9 0.436 

Kupferkanimer Hfttte 74.3 0,443 

The bottoms contained : 

Copper. Silver. 

Eckardt Tlfute, 97-03 O.907 

Kupferkammer HUUe, 96*50 0.963 



This matte generally contains from 20 to 21 per cent, of sul* 
phur : 

The slag contains, no alkalies having been determined : 
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KupfcrkrimiTtcr H&tM» 


Eckatdt Hfltte. 








Lime, .... 


4.730 


3.946 






1.054 






3.280 


Oxide of iron* • » 


. 5a328 


48.717 


Oxiiic "f manganese, 


. 4,110 


3.481 


Oxide ol cwltalt and nickel, 


0.200 


0.360 






2.666 






0.300 






14.800 






ox>SO 


Sulphur, • . • . 


♦ . i.>56 


2 8^8 



98.687 • 97-*^47 



On acccuint of the hi<;li percentage of iron it contains, this slag 
is used as a flux in smelting the ore. 

The table below gives the working for 1880 : 

Kupfcrkammer FrknrcH 

Hulte. Huttc. 

Tons of matte treated dailjr, .... 8x>i 9.34 

Per ton of raw matte : 



Eupferkiunmcr Eck;trdt 

HQtte. lliiiie. 

Concenlrated matte, 410 540 

Concentrated slag, 570 500 

Coal used 9.88 8.58 



One ton of the concentrated matte contained : 



Kupferksmmcr Eclcardt 

Hfltte. HUttc. 

Copper, 743.91 743-75 

Silver 4-27 4>33 



One ton of concentrated slag contained : 

Ktipftrksmmer Eckardt 

Ilrttc. Hatte. 

Copper, , • 90-40 2943 

Silver 0.36 .lo 0.S5 

The coal used per i ton of raw matte, . . r.S8 S.58 
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In 1888 the work was as follows: 

Ordinary Concentrated Matte. Bottom Work. 

Kuprcrkammer Eckwdt KupleriuuiuMr Eckwdt 

Hilttc> Hlkte. Mflttc Bflttc 

Daily product from .1 fur- 
nace of roasted matte. 8.97 10.49 7*79 ^'S* 

Cual used per ion of 

roa ted mfttte, . . 10^05 8.57 11 35 9.98 

Results per ton of matte : 

Ordinary Concfnt rated Matte. Bottom Work. 

Kuprcrkammer Edtardt Kupferkammer E«k«rdt 

BfitM. UOnc. Htoe. HBttt. 

Coneentntted matte, . . 4,80 5.60 

Extra matte ...... 3.39 3.55 

Bottom copper, 54 07 .76 

Slag 549 4.98 6.39 531 

On an average one ton of ordinary concentrated matte contains 

Onllaury Concentrated Matte. 
KupferitMniMr Eckardt 

Hiitte. Hutt*.. 

Copper, 742. 7SI-39 

Silver, 4.38 4.417 

One ton of extra matte : 

Bottoim Work. 

Kupf< rVaramer Eckardt 
11 Que. HQcte. 

Copper, 786, 79^-4 « 5 

Silver, 4.199 4.121 

One ton of bottom copper: 

Hoftom Work. 

Kupfcrkainmer Eckardt 

Hllttt. Hlhtc 

Copper, 965. 973.07' 

Silver, 9.622 9094 

Leaf), 11.06 7.7 

One ton of flowing slag : 

OnJinary Concentrated Matte. Bottom Work. 

Ku]i(bf1ikmmer Eckardt Kypferkammer Eclardt 

HDtte. Iinttc. Hiiifc. HUite. 

Copper, . . . 34.017 29980 81.067 78740 

Silver, . . .054 -046 aa69 0.1 10 
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One ton of drawn slag : 



Or^Muy ConeemratAd Matie. 

KupferkAmmer 



Copper, 
Silver* 



* 



Hiitic. 

95.-53 
0.385 



The copper in these slags is partly as silicate and partly as 
mechanically mixed shots. The ordinary concentration slag goes 
back to the first melting. The rich slags of the bottom work are 
collected lor a separate campaign in the shaft furnace. 

In 1889. 4 1 ,376.8 tons of roasted raw matte gave 2 1 ,039.5 tons of 
concentrated matte and 315 tons of bottoms. The matte averaged 
75 per cent, to 75.7 per cent, of copper and from 0.44 per cent, up 
to 0.0466 per cent, of silver. The bottoms yielded 93,3 per cent, 
to 96.88 per cent, of copper .uui 0.947 per cent, to 0,961 per cent, 
of silver. The total cost of the first fusion, roa.sting and second 
tusion for tliat year was 5,123,458.71 marks. 

5 and 6. Dtsilvcring tlit Coticcntratcd Matte. — The separation of 
the silver was formerly done from black copper. A series of ex- 
periments made durtn^the years l869and 1871 proved conclusively 
that better copper could be made when rich mattes were desilver- 
ized than when the same operation was carried out on black copper. 
Up to that time the mattes were made to contain 64 per cent, to 
65 per cent, of copper, and these were made into black copper and 
desilverized. Since 1874 the mattes have been made to contain 
74 per cent, to 76 per cent, of copper. These are desilverized 
and the residues sent to the copper refining works. The desiU 
verization is done by the ZiervogeFs method, which is carried 
out at the Gottesbelohnungs Hutte, and the electrolytic method, 
which is practiced at Ober Hiitte. To desilverize the matte 
by the Ziervogel method it must be crushed to a fine powder. 
To do this it is first broken up by hand with hammers then ground. 
It was formerly granulated and stamped and afterwards ground in 
stone mills. These mills have beenentirel\ replaced by ball mills, 
of which there are five. The matte from EckardtHutte is ground 
at Katharinen Hiitte by a mill driven by water-power, and that 
from Kupferkammer Hiitte is ground at Gottesbelohnungs Hiitte 
by four mills run by steam. With these mills the work is much 
better done and dust is avoided. Tlie daily output of a ball mill is 
from fifteen to twenty tons of ground matte. The product of the mills 




2C8 



7HE QUARTERLY, 



in 1888 was 19,363 tons. The ground matte is delivered to the 
works in quantities of fifty tons at a time. This is carefully sampled 
and its copper and silver contents determined in the laboratory at 
Eisleben. The roasting of the matte is done in furnaces with four- 
hearths, of which there are ten. These furnaces are very cheap to 
build. The desulphurization furnaces yield ten tons a day and the 
silver sulphate furnaces seven tons. The ten furnaces treat 19-2000 
tons of ground matte a year. The process is a delicate one and 
involves the transformation of the iron and copper into sulphates, 
and of then conducting the operation so as to form silver sulphates 
and of decomposing the iron and copper sulphates towards the last, 
so that when the powder is treated with hot water the silver sulphate 
alone will be soluble as sulphate, while the other materials will be 
insoluble oxides. The hot solution of silver sulphate is run over 
metallic copper, which precipitates it, while the copper goes into 
solution. The copper is precipitated as cement copper and goes to 
the refining worlcs. The residues from this treatment, which still 
contain over 0.023 per cent, of silver, are roasted and treated a 
second time for silver, after which they contain on the average not 
more than 0.0 1 7 per cent, of silver. These and those which contain 
less than 0.023 P^r ^'^^ ^'^ copper refining works. The 

cement silver, after having been carefully washed, is pressed, dried 
and melted in graphite crucibles and cast into bars. In the year 1889, 
20,921 tons of ground and roasted matte produced 87,127.5 kilos 
of cement sitveri which made 86,850.5 kilos of pure silver 999 fine, 
which is equal to 86,714.48 kilos of fine silver. The yield of a 
ton of concentrated matte was 4.1 31 kilos of fine silver. This 
corresponds to a yield of 89 per cent, to 94 per cent, of silver. 
The cost of desih cri/.ciUun was 684,285.15 tnarl;.-,. 

7. Makiti<:; refined copper out of the ({isilvcrizcd copper residues. 

The residues from the desilvcrization works consist of copper 
o.Kide, which contains only a small per cent, f^f iron, nickel lead and 
zinc oxide. Previous to 1 S80 this was snicllcd for black copper and 
cither refined in a low hearth or in a rcvcrbcratory furnace. Since 
that time the manufacture of black copper has been abandoned. The 
residues are now refined at once in the reverbcratory furnace^ three 
sections of which are shown in Fig. 8. As the process is now con- 
ducted, the desilverization works deliver their residues to the cop- 
per refining furnaces, which are situated at Gottesbelohnungs Hiitte 
and Siege Hutte, where there are nine furnaces, five to six of which 
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are always in work. These connect with a chimney 31*38$ m. high. 
The residues from the desilverization of ordinaiy mattes contain 
74.5 per cent, of copper. Those from the extra mattes contain 79.5 
per cent. Th^ are delivered wet and must be allowed to drain 
for some time. They are weighed out in charges often to twelve 
tons and placed on a drying floor made of iron plates which cover 
the underground flues of the furnace, which serve also as dust 
chambers. They remain here for eighteen hours* They are then 
mixed with 8.65 to 9 per cent, of fine coal and charged in the hop- 
pers of the refining furnace. The charge generally consists of about 
ten tons. After a previous charge has been withdrawn for an hour 
and the furnace is at a dull red heat, eight tons are introduced and 
spread out over the hearth. The last two tons are not introduced 
until five hours later. The treatment lasts twenty-four hours, and 
consists uf several phases, which arc the charging, the melting, iiic 
rabbling, fining, refining and casting. 

{a) The melting period lasts nine to ten hours, during which time 
all the d(»oi i> of the furnace are closed and luted and the tempcm- 
ture raised as high as possible. During this time the coal, which 
has been mixed with the char^^^c, reduces the copper oxide, and if 
the charge has been properly made the oxides, other than cop- 
per not being reduced, pass virtue of their combination with 
the silica of the hearth and the silica and alumina of the coal ashes 
into the slag, carrying with them only a small amount of copper. 
The bath is rabbled, and when everything is melted, the slags 
are removed. An assay of the normal working now taken shows 
a peculiar fracture. The lower half is compact, of a copper-red 
color ; the upper half is cracked and of a dirty-red color. The 
upper surface is uneven and bubbly and irregularly sunken 
against the thin edges which iirst cool. If too much coal has 
been mixed with the charge, the fracture appears gray, as inuch 
of the foreign metal oxides have been reduced. The upper sur&ce 
is generally convex and more or less scaly from the sulphurous 
acid given off and the lower part against the side of the spoon 
full of holes. 

{b) The removal of the slags takes about an hour. It must be 

done at a high temperature, but the>' are easily separated from 
the matte and do not remain attached to the tools. These slai^s 
are rich and form the refining slags In order to separate 

the sulphur of the matte, it must be oxidized from five to six hours 
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longer. In the commencement of this operation white vapors are 
given oflf in abundance and are so thick as to obscure the vieiy of 
the interior of the furnace. This smoke is composed partly of 
sulphurous acid but mostly of zinc oxide. The bath is cleaned 
quickly from the scorias in order that the air may strike its sur- 
^ce. To make the oxidation most effective, the doors and the 
air-openings are kept open, if the temperature of the furnace will 
allow it. The metals are oxidized, first iron, then zinc, which is 
partly volatilized and then oxidized and a considerable part of it 
carried off as vapor; the lead, and, lastly, the nickel arc oxidized. 
All of these pass wholly or in part into the slag. The copper 
bcin^T the heaviest, sinks to the bottom. ] he hVhter materials 
rise and form small quantities of slag, v\ hicii .ire collected with a 
wooden pole. Sticks of wood are thrown into the furnace to 
assist in the .separation of the metal from the slag^s, which are 
tough. This oxidation and removal of slags and separation of 
the smoke lasts one and a half to two hours. Towards the last 
the smoke decreases and tlie scums diminish in quantity. The 
scorias which form at this time are thin, and when cold show a 
red, shining surface. They must be constantly shoved to one side 
with a wooden pole until they have accumulated in sufficient 
quantities to be removed from the furnace. 

(c) The sulphur is not yet entirely out of the copper and the 
oxidation has to be continued for about two hours more to re- 
move it. During this time the sub-oxide of copper which forms 
decomposes the remaining copper sulphide. The oxidation is 
recognized to be complete when the upper surface of the rising 
copper on the assay sample is unequal in diAerent parts of the 
assay and is in places broken through, from which the melted 
copper flows out in little streams, looking, when cold, like worms. 
The upper surface of the assay is a very dark red and has a great 
deal of lustre. The lower surface is, however, dull and free from 
blou-holes. The co{)j)er now contains several per cent, of sub- 
oxide of copper and a very little sulphur. 

{d) The bath is now ready for polin<^. To effect this a pole 
of wo wl seven to ei,t(ht metres lon^; is placed in the furnace with 
its butt end towards the fire-bridge and supported on the outside 
of the door, tight against its upper side by a crutch of wood. The 
hydrogen, carbides of hydrogen and carbonic oxide produced by its 
burning cause the bath to boil and produce a separation of the sul- 
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phiirous acid and the reduction of the sub-oxide of copper. Very 
soon after the comrueucetnent of the boiiuio^ the assays taken no 
longer rise, the color is without lustre, dark red, and the assay is 
slightly sunken in the middle, and, when broken, shows a bluish* 
red fracture with a cubical crystalline structure, in which there 
are only a very few small bubble-holes. The crystalline struc- 
ture is a sure sign that the o.xidation has been carried far enough. 
If it does not show itself it will be rarely true that the sulphur 
is all gone, and the oxidation will have to be repeated until it is. 
When the poling is continued, the cubical fracture disappears 
entirely and tt becomes granular. The copper oxide makes the 
red color of the assay dark on the sur&ce, while in the lower part 
there are spots which are %hter. In the following assays, the 
red becomes brick red on the fracture of the assay and the structure 
is more or less fibrous. The upper part, which, until this time, has 
been dull, becomes somewhat stringy in the middle of the button 
and a more or less large hollow space appears. After this, the assay 
looks stringy and fibrous and a separation takes place in about one- 
quarter of the heijj^ht of the assay, from wliich the threads and 
fibres run with regularity towards the sides. In casting, the u])per 
surface sinks and in its middle a dark point appears. When the 
assay is broken, a huUow space is shown under this point. When 
the poling is continued this disappears. Tiie fracture on the 
underside becomes finelv fibrous, but granular on the upper. Im- 
mediately under the upper surface, a strip o ooi m, to 0.002 m. wide 
ap[)ears, which has a shining, metallic lustre, in which with the 
magnifying glass fine bubbles, due to the escape of the last traces of 
sulphurous acid may be seen. The whole upper surface has the 
same appearance, but it cannot be seen by the eye. When the 
copper is wholly fined, the upper sur&ce of the assay is bright 
and covered with little rosettes, which can only be seen witli a mag- 
nifying glass« The upper surface is slightly concave. The frac- 
ture appears fine-grained, the color is a uniform brick-red and 
begins to have a visible metallic lustre. This period lasts from two 
to two and a half hours. In the meantime, on account of the doors 
being constantly open during this time, the temperature of the bath 
has (alien considerably, which helps the separation of the sulphur- 
ous acid. 

if) At this time, all the openings into the furnace are carefully 
closed. The surlace of the metal is covered over with hard-wood 
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charcoal to prevent further oxidation, and the heat raised during 
onc-hcilf to thrcc-qu;u > ut an hour. When the bath has at- 
tained the j)roper temperature, the refining coiiiniences, which has 
k»r Its object the comj)lete reduction of the copper oxide. This 
is accomplished by poiing repeatedly from fifteen to twenty minutes 
at a time. The assay shows at the commencement the same brick- 
red color, but w itli httle lustre, and is hard and brittle on account 
of the sub-oxide of copper contained. The poling has now only 
the chemical eflfect to reduce the sub-oxide by means of the car- 
bonic oxide and the carbides of hydrogen produced by the burning 
of the wood. During this period the assays must be constantly 
taken, as the reduction takes place very rapidly. The original 
dark color decreases with every assay, while the metallic lustre 
increases. The process is finished when the whole surface of the 
fracture is silky and shows the red of metallic copper and is fine- 
grained throughout, while the upper surface on cooling does not 
sink, which it always does whe.n sub-oxide is present. 

{/) When the assay shows these characteristics, which can only 
be detected accurately after long practice, the poling must stop, 
otherwise the copper would be in danger of becoming over-poled. 
If it is continued, although there is no sub<oxide present, shining 
white strips appear, first on the fracture and then on the surface 
of the assay, which increase in width little by little and form hol- 
low places with a yellow lustre and render the copper impure. 
The period of poling lasts three-quarters of an hour. 

When the metal is impure and contains arsenic or bismuth, it 
becomes red-short. It w«is formerly tlic opinion that over-poled 
copi)er was caused by the formatiun of copper carbide, as carbon 
was frequently found in small quantities in such copper. Accord- 
\r\^ to the researches of Dr. Hampe, of C!austh:il, it ap pears that 
the phenomena of over-poling are caused by an absorption of the 
carbonic-oxide produced by the burning of the wood and ab- 
sorbed by the m^tal. These researches show that in this condi- 
tion, arsenic and bismuth make the copper red short, for both these 
metals may be present in the metal with sub-oxide of copper dis- 
solved in it and as such do no harm in small quantities, but they 
became harmful when they are reduced by ovcr-poling. When 
the metal becomes over-pol^d, it will have to be fined and refined 

again. 

VOL. xit— 15 
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{£) After the copper has heen thoroughly refined, it must be 
cast» which takes from two to two and a half hours, and during 
this time the metal often goes back, that is, takes up oxygen, so 
that frequent assays must be made to ascertain if this is so, and in 

that case to repeat the poling as often as may be necessary. 

The amount of refined copper of the best quality produced from 
the ordinary desilverized residues is 67.7 per cent, to 68 per cent, and 
about 16 per cent, of scorias, winch are sent to Siege Huttc to be 
tre.ated. From tlic rich matte it is from 7 1.5 per cent, to 72 per cent, 
with 10 per cent, of residues. Of the first, there were produced in 
1888, 1 1017 tons, and of the last, 163 1 tons. Both kinds are cast into 
bars and stainj>ed with the mark M R A, and are used for makinj^ 
brass and belong to the finest grades made in commerce. When 
copper for rolling is to be made, about kilos of lead, evenly 
spread over the surface, is added to the charge. This makes the 
copper very soft for rolling, but all of the lead can never t>e re- 
moved, and it injures the quality of the copper for any other pur- 
pose. The following series of analyses is interesting as showing 
the progress made at Mansfeldt in the purity of its products. 
These analyses are arranged chronologically, commencing when 
the works made black copper. 

Refined copper made from black copper: 



S8ti0k 1864. tU4. *>64. 

Iron, .... 0.065 O1O68 0070 0.054 

Nickel 0.511 a468 0455 0.345 

Lead, . . . .0.780 ajlS 0.574 0.593 

Copper, .... 98.358 99.120 98401 98.375 

Silver, . . . 0.028 0.028 0.020 0.022 

Oxygen, 0.640 0.591 

Sulphur 0.043 0.009 0.025 



Refined copper from black copper: 



1864. jHi'4. 1668. 

Iron 0069 0.059 0.044 

Nickel, 0409 0.327 0.437 

Lead, ai69 at 20 0.132 

Copi»er. 99.277 99.374 

Silver, 0024 QJOl^ 0,031 

'Oxygen, 0.096 
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Refined copper made from the desilverized products : 

Extn Con> 





R; ^t;tte 




Ofdlaary RL-.i,!v: 








Copper. 


Cwppcr. 


187*. 


1887. 


1 388. 


made, 
















Iron, 


ao65 


<xo59 


ao65 0.070 


0.025 


0016 




iSickel, . 


0.31 1 


0.327 


0.343 0.262 


0.268 


0.240 


O.I2I 


LenH, . 


0.7S0 


0.120 


0.043 0.108 


0.071 


o.<»49 


0.030 


Copper, 


98.358 


99-274 


99.50 99.4S5 


99.49* 


99-587 


99-745 


Silver, . 


0.028 


0.025 


OJ026 0028 


0.024 


0.035 


0.02S 


Solphnr. 


0.043 




•*•••« •••••• 









The following are the analyses of the cast copper for brass roll- 
ing during 1879-80: 



1870. 



i trao. 



I 

Niclid. Lead. Copper. Silver 



J*n 

March., 



April.-.. 
Mwiy .. 
June .. 

Juir ' 

AugutiL' «... 

I 

Sept ............ 

I 

Nov. ... 0.037 

Dr. . ' 



0.971 99.496 j O.OJ^ 

0.999 ..•.*..-•«•. I 0,030 

O.S74 .......M.. o,Q-jp 

0.306 ' 99.503 o.o»8 

o.3<j6 99-533 0.0*9 

o.»9$ , 99.500 , 0.030 , 

I ' I 

0.390 ............ I 99.560 j 0.032 



0*9|^ I *««»••«««■« 



99.500 



o.>ti6 ............. 99*57^ 



o.otft 
a.032 

o.a8i ' 99.5*0 0.030 

0.997 j 0.04a 99.513 

0.24Q 99.508 0.0J7 



1880. 



Iron. ; N'ickH. 

1 

o.oaj o.a59 

0.044 ; 0.341 

j 0.919 

\ o.a33 

I 0.931 

0.940 

o.jja ! 0.947 

0.1.11 J o.asa 

0.04a 0.575 

0.033 j 0.363 

O.OS9 j 0.339 

O.OT;4 ry.'yf^^ 



\ Lead. ICoppcr.' Silver. 



0.056 
0.043 
0.103 
o.t03 

0.043 

0.049 
0.061 
0.017 
O.OS5 
0.071 
O.OS3 



99-536 

99.S09 
99.460 



i 99.Sao 
99'5SO 
99.530 
99-4oa 

99-5iM 
99'394 
99.447 



0.039 
0.030 
0.030 
0.030 

0.099 

0.019 
0.039 

0,03 J 
0.03S 
0.030 

O.OIO 



The scorias (n) which come from the refined copper arc taken to 
Siege Hiitte below Hettstedt and by a reducing action in the shaft 
furnaces, with the addition of i $ percent, of lime as a flu.x, nuide into 
black copper with 92 per cent of copper, and this is made in a 
blown furnace into blister copper, with 98 per cent, copper, and 
from this with the addition of some lead and phosphide of copper, 
made into a ductile copper for rolling, which is used for rods, 
bars, and all kinds of sheet copper, and is known as B copper, and 
sent to be rolled and hammered at Rothenburg and Eterrswalde. 
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The composition of the copper for rolling was, in 18R0: 

IrOtt, Nickf!. Arsenic. Le.nd. Copper. Silver. 

March, 0366 0.144 0.259 99 HO 0.016 

April, a358 0.115 <*'^59 99-1^ ^"^^ 

May, 0.314 att9 0.134 99.270 ox>i6 

June, 0.389 0.081 ol23S 99.190 o.oao 

July, . . 0.019 0.314 0.133 94. '29 oorS 

September, t> .57^^ " '05 o '.?? 99 *67 0.0 ii> 

October, . . 0.024 o-394 o.lio 0.206 99.192 0.020 

Dectniber, 0.405 o.ioi 0.235 99-*24 0.018 



Other analyses are given below: i and 2 are of the mark M R 
A for brass, which is the best copper made ; 3 to 6 are for rolling. 
3 was made out of the desilverized residues at Gottesbelohnung 
Hutte» 4 was made at Sieger Hutte from slag, 5 and 6 copper for 
rolling made out of slags.* 



Cast Colter- Sheet Copiier. 

I. s. ; 4- > 6. 

Iron, .... 0.074 0'037 trace, trace. 0.024 0.019 

Nickel and cobalt. . 0.317 0«*79 0.29S 0.467 0.394 0.314 

Arsenic, . . . 0.025 0.030 ao6i 0.116 0.131 

Lead, . 0.016 0.04a 0.M4 o.ao6 0.206 0.155 

Copper, . 99.442 99.S«» 99140 99.198 99.192 99.129 

Silver, . . 0.026 0.028 0.023 0.014 0.020 o^oiS 



The)- are expecting to manufacture from the extra concentrated 
matte residues and from the raw matte from Koch Hiitte made 
^rotn the specially pure ores, a copper containing 99.8 per cent, of 
copper. 

8. Treatment of the Scorias.\ — The refining, slags (r?) are smelted 
at Siege Hiitte in a shaft-furnace, which is 6 m. high and has two 
tuyeres on opposite sides. It has an interior hearth which is 
made of quartz bricks, and is tapped every hour. The slags a 
are smelted with 15 per cent, of lime and 10 per cent, to 1$ per 
cent, of masses taken from the fining and refining furnaces, and 
600 K. of fluxes. The coke required is 16 per cent, to 17 per 
cent, of the charge. The furnace is blown with cold blast The 
acid bricks of the hearth are eaten away in three to four days and 
require repair. At the end of three weeks they must be renewed. 
When the slags produced contain more than i ^ per cent, of cop- 
per, they are treated with the necessary fluxes in the same fur- 

* Bergund HUttcnmrun^che Zeitttng, 1887, p. 482. 
f Berg und Hattenm&nische Zeitung, 1887, p. 489^ 
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nace» and when they are poorer they arc thrown away. The cop- 
per {pi) made from these scorias contains : 

Iwm, 0.267 0.423 

^\ • • »"»n i.448 

Nickel, 3.137 J 

:, , 1.107 O 

Lead 2.733 3-558 

Copper, 92.100 91.854 

Silver, 0.012 0.013 

9».S49 99«4»4 

This is trcitcd in lo-lon charges In a large blown reverberatory 
furnace for thirty hours, when it is poled. The blister copper [i ) 
produced contains 97 percent, uf c()pi)er and .01 5 percent, of sil- 
ver. It is cast in sand moulds and produces refining scoria {d) rich 
in nickel. The copper is treated with lead, "jYz kilos being added to 
a charge of nine tons, and copper for rolling is made, which is 
called B refiued^and is made into sheets at Rothenburg and Eterr- 
walde. The composition of this copper is shown in the analyses 
Nos. 5 and 6 p. 55, refining slags are produced with it {e). 
Every year from ii,ooo to 12,000 tons of this copper is made, 
which, on the average, contained in 1888 : 

Nickel, 0.427 

Lead, • O.163 

Copper, 99.213 

Silver, aoi3 

The fining slags (d) are melted with lime and furnace healths 
in a shaft-furnace and produce an impure copper (/), with 65 per 
cent to 66 per cent, of copper. This is treated for blister copper 
with 97.5 per cent of copper, and added in small quantities 
when the blister copper (r) is refined. The very rich nickel alloys 
(h), with 33.8 per cent, to 35.5 per cent, of copper and 29.038 
per cent, to 32.2 per cent, of nickel and cobalt, are stamped and 
sent to the cobalt blue works. Of this, in 1888, 65.6 tons were 
produced. The sl^s from the slag smelting are treated in a shaft- 
furnace with pyrites and matte. The refining slags {/) are smelted 
by themselves in a shaft-furnace, and produce impure copper (1), 
which is treated for blister copper, which is refined. The slags 
{J) are melted with pvrites for a raw matte rich in nickel. The 
slags from the shalL lurnaces which were produced by smelting 
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tlie substances rich in nickel, which contained 2 per cent, of 
copper and 5 per cent, to 7 per cent, of nickel, are smelted with 
the addition of 20 per cent, to 25 per cent, of pyrites until thc>' 
contain less than i ^ per cent of copper, and a copper made which 
contains 12 per cent, to 13 per cent, of copper and 16 per cent, 
to 18 per cent, of nickel, which is sold. The resulting rich matte 
contains : 

Copper. Nfclccl nnd Cotatl. 

J3.75 18.17 

12.55 15.66 
14.(0 19^24 

About 90 tons of this material are produced every year. 

Very small quantities of arsenic, antimony and bismuth make 
the copper unfit for many uses. 0.1 per cent of arsenic or anti- 
mony makes it red-short and unfit for brass or wire. Bismuth is, 
if anything, worse. 0.05 per cent, makes it strongly red-short and 
perceptibly cold-short beside. They do not often occur, but when 
they do, the copper must be treated until they disappear. 

The total production of copper in 1889 was 15.330 tons, which 
cost 454,138.39 marks. The sales amounted to 15,925.25 tons, 
the largest quantity ever sold in any one year. 84,821.97 kilos 
of silver were also sold in the same year. 

The production of copper, in tons, for three years is given 
below : 

<S87. aSaS. ttt}^ 

SKeeis of all kinds, . 12,927.$ 11,083.26 vzfsx^.io 
Boilers, .... S57.2 837.51 68582 

lloiler hottom<;, , 7»4 6 425.82 660.84 

Kound and square bars, . 732.6 >355.^ 1890.04 



A BRIEF REVIEW OF I HE LITERATURE ON ORE- 
DEPOSITS. 

By J. F. KEMP. 

(Continoed from Vol. XI., p. 359.) 

V. 

Geological surve3r$, under the auspices of the national govern- 
ment, were early instituted in the United States in connection 
with the various exploring expeditions into the western country. 
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Except in the case of Foster and Whitncx ^ '^urvey of the Lake 
Superior region (1850-51) such work in the East, until within the 
last decade, was done entirely by the several States. We have as 
the result a few volumes descriptive of the geology along the 
routes traversed by the diflerent parties, but these cover only 
small and isolated portions of the whole area. After the close of 
the war, surveys wei;e organized on a more extended scale. In 1867 , 
the Geological Exploring Expedition of the 40th Parallel was 
authorized by Congress under the direction of the War Depart- 
ment. Clarence King was appointed director, and his reports 
were made to the chief of the United States engineers. In the 
same year the Geological and Geographical Survey of the Territo- 
ries was instituted and placed under the control of the Department 
of the Interior. F. V. Haytlcn was put in char-^c. and his reports 
were addressed to the Secretary of the Interior, Likewise, in 
I.S67, the United States Geographical and Geological Surve\- of 
the Rocky Mountain Region was authorized and placed under 
the direction of the Department of the Interior, Major J. W. 
Powell was put at its head, and the reports were made to the Sec- 
retary of the Interior. In 1869. tlic United States Geoi^^raphical 
Surveys west of the lOOth meridian were organized by Act of 
Congress and placed under the War Department. Lieutenant G. 
M. Wheeler was appointed director. The reports were addressed 
to tlie chief of the United States engineers.* 

The fact that these surveys often covered the same territory, 
and the conflicts, jealousies and lack of efficiency brought about by 
their being under different departments drew the attention of the 
National Academy, and through its influence, in 1879, the United 
States Geological Survey was established, consolidating the whole 
governmental work of a geological character under one responsi- 
ble head, attached to the Department of the Interior and closely 
connected with the National Museum. Clarence King was the 
first director, but after one year's service he resigned, and was 
succeeded by Major J. W. Powell, the present incumbent Under 



* In this connection, sec 43d Gingrew, 1st Session, Exec. Doc., No. 240, p. 6. ; 
t»t Ann. Rep. Dir. U. S. Geol. Surv. (Clarence King), i$8o. p. 4.; Poweir^t Testi- 
mony Before the Joint Comniissinn, 4gth Congress, isi Sl ^moh, Senate Miso'I Doc, 
No. 82; Pri'siflential AcMress of J. C Branner before Section E. of A. A. A, S., 
1890, printed in Amer. Geol., Nov., 1890. Powell'si teittimuoy give» a concise ac- 
count of geological surveys in all countries, p. 418. 
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Major Pouell's able administration the survey has accomplished 
some very grand results, and to its work the literature of ore-de- 
posits owes some of its most valuable monographs. 

The results of the 40th Parallel Survey were embodied in seven 
final reports and an atlas. Of these, volume iti., on Mining In- 
f?n try, is of cspecial interest, but many observations of local sig- 
nificance are recorded in volume ii., which is entitled Descriptive 
Geology. Volume 1., on Systematic Geology, by Clarence King, 
discusses the broader structural relations for which volume ti., by 
Arnold Hague and S. F. Emmons furnishes many of the details. 
The report on Mining Industry opens with a general discussion 
by Clarence King, of the distribution of the western mining dis- 
tricts and shows that, to a certain extent, they occur In zones on 
the great lines of .structural disturbance.* A chapter on the Corn- 
stock Lode follows, also by Clarence King. This is discussed 
later, p. 221. The engineering and metallurgical features of the 
operations on the lode are subsequently treated by J. D. Hague, 
and the chemistry of the Washoe process by Arnold Hague. Cen- 
tral Nev ada next receives attention, and the technical operations 
are a^ain described by J. 1). Hague, while the geological portion 
is treated by S. F. Emmons and Arnold Hague. From the pen 
the former comes the paper on the geology of the Toyabe 
Range, which embraces the Reese River mining region, with its 
high grade silver ores in narrow veins, mostly in granite Arnold 
Hague describes the geology of the White l^ine District, with its 
rich silver-ores in Devonian limestone. Mr. Emmons adds a short 
account of the gold quartz-veins of Egan Canon. Passing over 
the chapter on the Green River coal-basin, by Clarence King, we 
find a general account of the mining resources of Colorado (1869) 
by J. D. Hague, and then by the same writer, an excellent descrip)- 
tion of the gold deposits of Gilpin countyf and the silver deposits 

* This theme was first elaborated by W. P. Hlnkr in the Rcfiort nf the California 
State Koanl of Agriculture, 1866. It has also ljK;cn discus&cd by K. W. Raymond, 
Geographical Distribution of the Mining Districts in the United States, Trans. Inst. 
Min. 33 ; by G. F. Becker, in vol. xiii.. Tenth Census, p. 5, and A. J., S. iii., 

vol. 38, 18S4, p. 209; and S. F. Eaimons, The Stnictural Relations of the Oie-De-. 
posi's, Trans. Inst, Min. Em,'-., 1 6, 804. 

T These deposits have likewise been described by S. F. Emmons, T<*nth Census, 
vol. xiii., p. 68; F. M. Endlich, Hay<len's Survey, 1873, p. 280; A. N. Kogtis, Tram, 
Just. Min. Eng., vol. ii., p. 289 ; A. Lake;), Annuil Report Colorado State School of 
Mines, 1887, p. di. 
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of Clear Creek counter.* The reports pass over the mines of the 
Bingham and Cottonwood canons, south of Salt Lake City, and 
the omission is to be regretted, as good detailed descriptions of 
these districts are much needed. Their general geology is some- 
what discussed in volume ii.. p. 443. 

The volume on Mining Industry was one of the very first reports 
on the western regions of unbiassed character and written in a 
really scientific spirit. It deserves the highest praise and to its 
credit it may be said that it now is a quite rare book and difllicult 
to obtain. 

The publications of the U. S. Geological and Geographical Sur- 
vey (Hayden's) consist of twelve annual reports, bulletins, miscel- 
laneous contributions and a series of monographs. Of these, the 

annual reports contain essentially the material of economic interest 
and this only in scattered places. That of 1869 (combined reports, 
1867. 1868, 1869). p. 201, has a chapter by Persifor Frazer. Jr., on 
the Mines and Minerals of Colorado, which, while especially con- 
cerned with Gilpin and Clear Creek counties, has also iv)tes on a 
trip south aloni; the eastern slope into New Mexico. Tlie report 
for 1870 is confined to Wyomiuj^, and its economic part deals espe- 
cially with coal. The report for 1S71 describes southern Montana 
and has but few references interestinir in this connection. The same 
is true of the volume for 1872, which deals with portions of Montana, 
Idaho, Wyoming and Utah. For the next few years, operations 
were mostly confined to Colorado. The report for 1873. p. 275, 
contains a report by Pr. F. M. Endlich, on the mining districts of 
Colorado, which, after a brief general introduction, takes up Gilpin 
and Clear Creek counties and gives some very excellent cross- 
sections of the veins. The same region is again referred to in the 
report for 1876, p. 117. In the report for 1874, Dr. Endlich 
briefly describes the veins of the San Juan region, then but littl: 
developed. The subsequent volumes, while filled with valuable 
geological material, contain almost nothing demanding further 
mention here. On June 30, 1 879, the survey ceased to exist by 
law. 

• Reference may aKo be made to S. F. Eaimon*. Tenth Cfeosus vol. xiU., p. 70; to 

the En^. and Min. Jour., Feb. I, 1879, p. 73, and Feb. 19, 1878, p. 108; F. M. P'nd, 
lich, Ilayden's Survey, 1873. p. 293; R. Pearce, Proc. Colo. Sci. S.)C., iii., p. 71 ; |. 
J. Stevenson, W heeler's Survey, vol. iii., p. 351 j F. L. Vinton, En^. and Mm. Jour , 
Sept. 13, 1879. 
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Poueirs survey was mostly confined in its ojicrations to the 
plateau region alnn^ the border of Colorado and Utah, and the 
reports and monographs contain little concerning ore-deposits. 
The survey of the Black Hills was, however, also undertaken and 
placed in the charge of Henry Newton and W. P. Jenney. The 
economic portion is from Jenney, and was first issued in 1876 as 
a separate report of 71 pages and a map. The entire report came 
out in 1880, after the lamented death of Newton. Mr. Jenney 's 
chapter on the mineral resources deals especially with the auril^ 
erous gravels, and as the region was but then thrown open to pro- 
spectors, is largely of the character of a scientific reconnaissance 
which, indeed, was greatly needed. 

Wheeler's Survey issued eight quarto volumes with one supple- 
ment, a series of annual reports of progress and certain special or 
miscellaneous reports. Of these, volume iii. of the quarto series 
and its supplement, as well as several of the annual reports, merit 
passing attention. Volume iii. and supplement give a general 
account of the geolo^^y of Nevada, Utah, Arizona and Colorado, 
by Messrs. Gilbert, Marvine, Howell and Stevenson. In Howell's 
report, p. 257, there is a description of the ivayiiiond and Ely v ein 
at riochc, Nev., and of the others near it. with several geological 
sections. This is followed by a briefaecount of the great magnet- 
ite deposits of southwestern Utah with analyses. In the supple- 
mentary volume there is to be found (pp. 389-4CMS) a brief sum- 
mary of the economic resources of southern Colorado and north- 
ern New Mexico. Volume i. of the quarto reports has lately 
appeared (1889). Although it is often stated in the annual reports 
that this would contain a full account of the mines of the region 
covered, for some reason such mention is of the briefest nature. 

The annual reports are to be found as appendices to the annual 
reports of the chief of engineers. That of 1869 contains scattered 
references to mines in southeastern Nevada, and the one for 1871 
has many notes on eastern Nevada and northern Arizona, espe- 
cially by G. K. Gilbert. The report for 1872 mentions the mines 
in western Utah and eastern Nevada. The reports for 1873, 1874 
and 1875 contain nothing of interest in this connection, except, 
perhaps, the mineralogical report in the last-named (App. G 2, p. 
97) on northern New Mexico and southern Colorado. Appendix 
H 2 of the report for 1876 has a mineralogical and geological de> 
scription of northeastern California, with some unimportant notes 
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on the veins of California, and an analysis of the Temescal tin^ore. 
In Appendix H 4, A. R. Conkltng has a brief account of the 
Spanish Peaks and the Culebra, Cimarron and Taos ranges in 
Colorado and New Mexico. In 1877, J. A. Church was placed 
on the Comstock, and in the volume for this 3^r and the next 
makes a preliminary report. His completed work was afterward 
separately printed and is noted under the general review of the 
Comstock literature later. The reports for 1878 and 1879 have a 
series of further notes on the mining districts of California. 

As stated above, about 1 879-80, all the four surveys were merged 
into the present United States Geological Survey. No small por- 
tion of the resources of the latter has been devoted to the de- 
tailed study of mining districts, and the monographs now to be 
reviewed have resulted. 

The great amount of gold and silver jjroduced by the Ct)instock 
Lode has made it one of the mo 1 l un m , of niininf; districts. 
The vast extent of the excavations, the remarkable heat phenom- 
ena, and the interestinc; eruptive rocks, which form its walls have 
all drawn scientific attention upon it to an unusual degree. The 
early report of von Richthofen (now professor in the University 
of Ijeipzig) was made in 1865 for the Sutro Tunnel Company, and 
was privately printed in San Francisco. Although the explora- 
tions then were only a fraction of what was accomplished later, 
von Richthofen seems to have outlined the geological structure 
with great skill. He showed that the ore-body filled a fissure on 
the contact between a so-called syenite and an eruptive rock that 
he called propylite. The ore and gangue were thought to have 
been brought up from below by solfataric action, in which fluo- 
rine, chlorine and sulphur were the principal dissolving agents. 
He gives a general comparison of the Comstock with other noted 
silver mines the world over, and from these considerations seeks to 
draw inferences about the portions not then reached. Later de- 
velopments and studies have largely confirmed his predictions. 

The Comstock lay in the strip studied by the survey of the 40th 
J'.ir<illcl. and received much attention from Clarence Kin^. The 
results of his studies made m 1867 and 1868 are embodied in vol- 
ume iii. of the final reports. Mr, King brings out forcibly the 
fact that the foot-wall of the vein is but the natural continuation of 
Mt. Davidson, and that the vein fills a fissure between the syenite 
of which Mt. Davidson consists, and the late Tertiary eruptive 
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rocks poured out against its flank. The geological succession of 
these and the filling of the vein from solfataric action attendant on 
a thin dike of andesite, which found its way into the old contact 
fissure, are successively traced. 

The survey west of the looth meridian under Capt. Wheeler, 
also found the Comstock in their field, and J. A. Church, about 
ten years after Clarence King's visit, studied the vein and reported 
on it. Meantime, the determinations of the rock species had been 
changing from time to time, as will be briefly summarized later, 
and the rock of Mt. Davidson, called above syenite, was found to 
be diorite by Zirkel. Mr. Church* imagines this to have poured 
out originally in thin horizontal sheets, which were folded in east 
and west folds. This was to account for the bendings of the lode 
as now seen. On the diorite was poured out next the propylite, 
likewise in successive horizontal sheets. Then they were all tilted 
aloDL,^ a iioilli and south axis and eruptions of aiidcsitc penetrated 
between their beds in very large amount. Further movements 
forced the convexities of the first-formed folds against the andesite 
and crowded their substance sidewise to some extent into the 
synclinals. This movement slightly parted the sheets, affording 
water-courses through which rose silicious waters. These dis- 
solved away the neighboring sheets, leaving extensive quartz 
bodies in their places. They also removed the andcsitic caps. 
No ore was formed as yet. Now followed great trachyte erup- 
tions on the east and loaded down the hanging-wall of the lode 
so heavily as to cause a downward movement of it on the foot, 
making a new series of openings, and into these poured the ore- 
bearing solutions which brought the precious metals. No one 
who intelligently follows this explanation will doubt that Mr. 
Church is a very ingenious man and yet few would be inclined to 
have much confidence in this long unnatural hypothesis when a 
simpler course will lead to the same results. 

At the time of Mr. Church's visit, the workings were becom- 
ing very deep, and the great heat was manifesting itself, which 
has been since such an obstacle. Flooded drifts, it was thought, 
had been noticed to grow hotter, and from this the remarkable 
hypothesis of kaolinization was conceived. It was that the kao- 
linization of the feldspar in the deeply-buried rock occasioned 

* The Cbmstock Lode, its Formation and History, Wiley, 1879. 
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the heat of the lode. With the reorganization of the geological 
surveys, in 1^79, one of the first steps was to place Mr. G. 
F. Becker on tlie Conislock to make a further stinl\'. Explora- 
tions liaJ meantime opened up much new ground, both horizon- 
tallvand in depth, and the opportunities were better than ever. Mr. 
Becker pushed his studies under Mr. King's brief administration 
and completed them after Major Powell had assumed the director- 
ship. They were published in 1882, as Monograph III. of the 
U. S. Geological Survey.* Mr. Becker first describes very briefly 
the general economic and geological relations of the district and 
then summarizes the work of his predecessors.! This is followed 
by a discussion and determination of the rocks of the district. A 
few changes are introduced in the classifications of previous writers, 
and the extended alteration of the rocks described and com- 
mented upon, as it figures largely in the hypothesis later advocated 
for the origin of the ore. Chapter IV. traces the results of iault- 
ing, and it is shown that under conditions like those prevailing, 
the surface would tend to assume an outline approximating a 
logarithmic curve. The surprisingly close coincidence of the pro- 
file with such a curve is remarkable. It is shown by figure in 
Plate XLVIL of the abstract in the Second Annual Report Mr. 
Becker next takes up the rocks in their time succession and dis* 
cusses the chemical nature of the changes in them. After de- 
scribing the lode itself, the origin of its metalliferous contents is 
traced as follows. Waters under hydrostatic pressure from the 
heights to the west are sui)posed to have percolated towards the 
lode passing through deeply -buried regions of heat. They were 
probably diverted from rising directly through the lode by an 
im{)ervious clay seam and were thus forced to soak through the 
diabase hangintjf, relieving it in passage of the metals which were 
afterwards dejjo.sited in the higher portions of the lode. The 
metals themselves were probably largely derived from the augite of 
the rock. Mr. Becker had associated with himself, for the sake of 
studying the heat phenomena (and especially the hypothesis of 
kaolinization) and the electrical manifestations of the lode» Dr. 
Carl fiarus. The results of Dr. Barus' careful experiments throw 

* A concise absilract ap|)ear!> in the Second Annual Rc|>ort of the Director U. S. 
Geological Survey, i81h>-i88i. 

t In the preceding review, this summaiy has been of great assistance, as its con- 
dcQSation of the other authorities could scarcely be improved upon. 
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great doubt on kaolinization as a source of heat* The electrical 
experiments were not very satisfactory and were carried on also at 
Eureka, Nev. No veiy definite results were reached.t In Chap. 
X., an interesting summary of what had been done by previous 
electrical investigations is given. A general summary of the mono- 
graph concludes the volume. An atlas of beautifully printed maps 
and sections accompanies the report. The volume is a fine piece 
of careful work and reflects the greatest credit on the author and 
the survey. 

Tlie correct determination of the eruptive rocks nein^liboring 
to the Comstock has been of great importance, not aUjiic because 
of their scientific interest, but as bearing on the fact as to whether 
the lode itself was a contact-fissure between two difTerent rocks, or 
whether it was a simple fissure-vein. It is worthy of note, that in 
connection with it, von Richthofen developed one of the first im- 
portant attempts to classify the volcanic rocks, and that Hague 
and Iddings have finally urged that the peculiar crystalline struc- 
tures of all eruptive rocks depend primarily on the heat and pres- 
sure (/>., depth below the surface) under which they have solidi- 
fied, destroying thus the time-element in classification. Von 
Richthofen, in the report for the Sutro Tunnel Company, and in 
his later memoir on** The Natural System of the Volcanic Rocks,"t 
distinguished in the Washoe district syenite, metamorphic rocks, 
quarts-porphyry, propylite, sanidine-trachyte, and very subordi- 
nate andesite. Mr. King referred much of the prof^lite of von 
Richthofen to andesite, but retains the propylite as. a distinct 
species, although remarking the close affinities of the two. He 
calls the quartz- porphyry, qua rtz-propy lite. In Other respects no 
changes are introduced. Zirkel§ determined the syenite as granu- 
lar diorite, and while accepting homblende-propylite and quartz- 
propN'lite as separate species, called the greater part of the 
quart/ose rock dacite. He introduces for the first time augite- 
andesitc, rhyolite and basalt. Mr. Church paid less attention to 
lithology, and uses the terms of his predecessors somewhat loosely. 
Mr. Becker makes the following classification: Granular diorite 
porphyritic diorite, micaceous diorite-porphyry, quartz-porphyry, 

* See also the Qitaxtbrly, vol. vU, Nov. 1884, p. i. 

"t See also Proc, Inst. Min, Eng., vol. xiii., p. 417. 

+ Cal. Acad, of Sci , 1867. Al-^o 2tits<kri/i d. Geol, G*sd^ 1868, 663. 

\ 40lh Parallel Survey, vol. vi. 
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earlier diabase, later diabase, earlier hornblende-andestte, augite- 
andesite, later homblende-andesite, and basalt. In this it will be 
seen that several new varieties are introduced, but the main mass 
of Mt. Davidson was still considered diorite, and the vein was 
thought to lie between this and some of the other species men- 
tioned, especially diabase. In 1885, Arnold Hague and J. P. Id- 
dings completed new microscopical studies upon the materials 
collected by Mr. Becker, and the resulls were published as Bul- 
letin 17, of the U. S. G. S.* These two writers had had more to 
do with the eruptive rocks of the Great Basin and Pacific Slope 
than any other geologists, and brought to the review an excep- 
tional experience. Nowhere else in the work! are such exposures 
and thorough sections afforded, alike in depth and horizontal ex- 
tent. They proved that the diatiase and augite-andestte shaded 
into each other, the differences in crystallization being due to 
depth. That the hornblende of the so-called diorite was largely 
secondary' from original augite, being derived by paramorphic 
change (uralitization), and that the diorite was but a structural 
variety of the diabase. That the porphyritic diorites shade into 
the earlier hornblende^andesites, and are structural varieties of 
them. That the mica-diorites and later homblende-andesite were 
indentical in the same way. That the assumed Pre>Tertiary age 
of the quartz- porphyry was unwarranted, and that it was partly 
dacite and partly rh)-olite, the two shading into each other. That 
the younger diabase, so-ealled, of the sub-surface dike was identi- 
cal with the rock elsewhere occurring on the surface and called 
basalt, and was really a basalt, owing its holocrj'stalline character 
to its depth. And finally the most important conclusions of all 
ill this connection UiUhougii the otiier conclusions are among the 
most important petrographic advances made in late years) "that 
the Comstock lode occupies a line of faulting in rock of Tertiary 
age, and cannot be considered as a contact-vein between two dif- 
ferent rock-masses." 

The crystalline structure of the Washoe rocks has been subse- 
quently treated by Mr. Becker.f The vario.us structures, granular, 

♦ On the Development of Crystallization in the Igueous Rocks of Washoe, Nev,, 
with Notes 00 the Geology of the District. 

t **Tbe Washoe Rocks," BulteHn CaHf, Aead. Sei., vol. p. 93, Jan. and 
the " Texture of Massive Rocks," American Joumalof Seitiue, iit^ vol. xxxiii., p. 50, 
1887. 
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porphyritic and glassy — are referred more to diflerences in compo- 
sition and fluidity than to circumstances of solidification. 

In monograph IV. of the survey, Mr. Eliot Lord has described 
the miners and the methods of mining employed in the lode. 

In monograph VII., J. S.Curtis takes up the silver-lead deposits 
at Eureka, Nevada. These mines were rendered famous by the 
great litigation between the Eureka and Richmond companies in 
1877. A large number of leading experts were brought together 
to testify as to the character of the deposits with very contradictory 
results. Mr. Curtis sliows that the deposits are in a zone of lime- 
stone of Cambrian age, which has been fractured and crushed by 
an extensive faulting movement. Through this the ore-bearing 
solutions circulated and deposited the ore in the form of sulphides, 
probably by replacement of the limestone. * The subsequent 
oxidation, rearrangement and shrinking of the sulphides left fre- 
quent caves above the masses of ore. The author favors this view 
rather than the idea that there were pre-existing caves in which 
the ore was originally laid down, althou^^h he ^nves this explana- 
tion a full and fair statement. All the ore-bodies are connected 
with more or less strongly marked fissures which doubtless served 
as conduits for the original solutions, Mr. Curtis expresses him- 
self as unable to classify them according to their shapes, as these 
are so irregular, and refers them to the category described by the 
German term *' stock." A very careful series of assays of the 
country-rocks was made to determine the probable source of the 
ore. These seem to indicate that it came from a quartz-porphyry 
outcropping in the neighborhood and thought to be extensive 
beneath. From this the metals are thought to have been derived 
by the leaching action of heated waters rising from below. The 
memoir is an excellent piece of work and maintains the high 
standard set by the survey. The general geology of the district 
is treated in a separate monograph by Arnold Hague (>'et to be 
issued). 

Monograph XII. is devoted to the geology' and mining industry 
of Leadville, and is from the pen of S. F. Emmons. The work 

was begun under Kind's administration and completed and pub- 
lished in 1886 under Powell's. A j)reliminary abstract appears in 
the Second Annual Report of the Director, 1882. The work, 



* The Quarterly, vol. x., pp. 122 and 329. 
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which consists of one large volume of 770 pages and 45 plates, 
and an atlas of 35 sheets, opens with a brief history of Leadville 
and an account of its general geography. The general geological 
structure of Colorado follows and a detailed description of the 
MosqXiito Range, lying just east of Leadville itself. The moun- 
tains consist of Archaean gneisses and schists on which were 
deposited up to the close of the Cretaceous 10.000 to 12,000 feet 
of confurmablc sedimentary beds. About the close of the Creta- 
ceous a great intrusion of eruptive rocks iniu liiese sedimentary 
strata took place, piercinf^ them as dikes antl penetrating between 
the beds in enormous slieets. The mineral solutions bringing the 
ores followed the eruptive rocks and formed the (lejwsits chiefly 
along the under contact of the sheets and the upper sides of beds 
of blue dolomitic limestone beionL;ing to the Lower Carboniferous. 

The elevation and faulting of all followed in the general up- 
heaval of the Rocky Mountains at the close of the Cretaceous or 
about the beginning of Tertiary times. The geology of Leadville 
itself is then described and the numerous iauits carefully traced. 
A general discussion of the geological phenomena follows.* The 
petrographical description of the eruptive rocks was entrusted to 
Dr. Whitman Cross, and forms an appendix to this portion of the 
report which is Part I. Part II., on Mining Industry, opens with 
a general and suggestive essay on the classification of ore- deposits 
and then discusses those of Leadville in particular. In addition 
to what is mentioned above, it is brought out that the ores were 
doubtless deposited as sulphides, and when the containing lime- 
stone was at least 10,000 feet beneath the surface, and that they 
are now mostly earthy lead carbonates with cerargyrite, limonite, 
manganese compounds and a variety of other minerals due to their 
position, as now mined, being in the oxidized 2one. Many inter- 
esting facts about the alteration of sulphide ores are brought out 
here and subsequently. 1 he thesis regarding the origin of the 
ores which the writer proposes to prove, is then briefly stated as 
follows : 

L That they were deposited from acjueous solution. 
II, That they were originally deposited mainly in the form of 
sulphide.*^. 



• In this connection, Emmons' |>.T]>er, Orographic Movenicntn in the Rocky Moun* 
Uius, £u//. Geo/. Sik, of America^ vol i., p. 245, i!» of inlert'^t. 
VOL. XII.— 16 
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III. That the process of deposition was a metasomatic inter- 

chanore with the material of the rock in which they were 

deposited. 

IV. That the mineral solutions or ore- currents concentrated 

aloiiL; natural water-channels, and followed by jireferencc 
the bedding planes at a certain geological horizon, but 
that they also penetrated the adjoining rocks through 
cross joints and cleavage planes. 
The following points arc also advanced: 
I. That the solutions came from above. 
II. That they were derived mainly from the neighboring erup- 
tive rocks. 

The structure of the several hills. Iron, Carbonate and Fryer 
and the ou dying mining districts, are next discussed by way of 
arraying facts from which to draw an argument. In Chapter VI., 
this is made in support of the above propositions. It is exceed- 
ingly able and deeply interesting. The general facts are incon- 
trovertible, and the replacement origin is very generally accepted. 
The two additional propositions that the solutions came from above 
and that the metallic contents were derived from the neighboring 
igneous rocks, are less admitted. In regard to the latter, the 
numerical mistake in the table, on p. 583, which makes the 
metallic contents 100 times larger than they ought to be, is a 
serious if not fatal objection. A. A. Blow,* of Leadville, has 
broLij^ht forward many Hicts, too numerous to mention here, as the 
results of seven additional years of mining development, which 
controvert the former, and it would seem now that the ore-cur- 
rents came from below, following chiefly the gray ])orphyry. F. 
T. Freelandt had previously brought out additional new facts as 
had C. M. Rolker.J Mr. L. D. Ricketts' monograph on the Ores 
of Leadville (Princeton, 1883). appeared long before Mr. Emmons' 
final report and is a very excellent piece of work. Despite the 
objections to individual points, Emmons' work remains as a monu- 
ment of careful record and skilful treatment, and in method and 
results is a notable addition to the literature of the subject. 

• See A. A. Blnw, Geology and Ore-Deposits of Iron Hill, I.t-adville, Cn!., 
Trans. Inst. A/in. Eng., June, 1889. In briefer foroi the paper was previously puU- 
l»hed in the Annual Rep. of State School of Mines, Golden, Col , 1S87. 

t F. T. Freeland, Tram, inst, Mim, £ttf., 14, l8f . 

X C. M. Rolker, Trans, /mst. Mim, Eng,, I4| 273 and 949. 
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Monograph XIII. is devoted to the quicksilver-deposits of the 
Pacific Slope, and comes from the pen of G. F. Becker. Alike in 
the general and economic geology and the petrography of Califor- 
nia, it adds much that is new to our knowledge, and dealing as it 
does with one of the very few significant districts where ore-deposi- 
tion is now going on (see Quarterly, July, 1890, p. 360) the book 
gives some much needed insight into the actual chemistry of the 
origin of ores. While not appropriate in this place to state too 
much of purely geological interest, it maybe said that Mr. Becker 
indicates that granite underlies the Coast Range, and has probably 
atlorded the material of the later sediments. These are both 
metamorphic aiul unaltered sediments. The metamorpliisiii is 
develn[)ed m rocks ot' eai 1 \ ( rcLiceoLis a^e (Neocomian) called 
the Knuxvillc series, and pruh,il>!\ took place at the epoch of their 
upheaval before the middle Cretaceous times. The metamorphic 
action is somewhat irre^^'ularly manifested, and has left in places 
unaltered portions that show the original sediments sometimes 
with a few fossils. The metamorphic rocks are t;rouj)ed as partially 
metamorphosed sandstones, granular metamorphic, ^daiicophane 
schists, phthanites and serpentine. It is shown that a sandstone 
passes into rocks closely resembling holocrystalline eruptive rocks 
— two varieties of which are called pseudo-diabase and pseudo- 
diorite,* from their close resemblance to diabase and diorite. The 
* phthanites are highly silicificd shales. The serpentine is derived 
from original fragmental rocks, at times through the intermediate 
stage of the granular metamorphics. The importance of these 
changes as throwing light on the possible origin of Archaean 
schists, etc., which is such an active question at present, cannot be 
passed without comment. 

Following the Knoxville comes the Wallala beds, first separated 
and identified by Mr. Becker. They are found in two widely 
separated areas, one north of San Francisco, the other in southern 
California, and are of Middle Cretaceous (Turonian) age. Follow* 
ing the Middle Cretaceous came a great depression of the Coast 
Range and the deposition of the Chico or Upper Cretaceous, and 
this deposition continued conformably with change of fauna 

* J, D- Dana had previously applied the terms metadiabase (shortened form of 
metamorphic diaba.se) and metadioritc lo similar rock ^ from Tonnecticut — and It would 
have prevented a fUipHcation of iernk> to have employed ihcm. — See Ameruan Journal 
«>/ Sd€tu€^ ill., vol. xi., p. 119. 
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through the Tejon (Eocene) series. The Miocene is not sharpl/ 
distinguished except by change in fauna, but at its close came the 
great Post-Miocene upheaval determined by Whitney. The sub- 
sequent sedimentary deposits are only a few Pliocene lake beds. 
After the Miocene immense outbreaks of andesites occurred at 
intervals until the close of the Pliocene, and during the Quater- 
nary and up to modern times there have been recurrent basaltic 
outflows. The cinnabar-deposits are chiefly in the metamorphic 
rocks of the Knoxville, but they are found also in all the later 
sedimentaries and in the eruptive rocks likewise. They are always 
associated with the latter, either close at hand or somewhat remote, 
and probably owe to them the heated circulations which have 
brought the ores to the'if present resting places. The cinnabar is 
almost always directly associated with quartz, and while chalce- 
dony and opal arc in great tnKuUilv in the mines, they are not 
in actual contact. It occasionaliy is embedded in calcite. Mota- 
cinnabarite is sometimes abundant enough to be an ore. The otiier 
principal associated minerals are pyrite and marcasite. Chalcopy- 
rite is known, as are gold, stibnite, millerite, bitumen and some 
rarer ones. 

Tlie cinnabar is proved in every case to fill pre-existing cavities, 
and these are shown to be dependent on fissures, although at times 
to be quite irregular. The author is led to a general discussion of 
mineral veins (p. 407) and suggests the terms nuked vein (German 
Gangzug) for a series of associated fissures, and champed vcift for 
a vein that has at intervals, wide places and enrichments of the 
walls, such as are usually called stockworks or impregnations 
associated with a vein. For the large irregular bodies along the 
outcrop, the term cap chamber is suggested. 

The chemistry of the deposition is shown to depend on the solu- 
bility of cinnabar in solutions of sodium sulphide with which it 
forms several sulpho-salts. Sodic hydrate, sulphydrate and car- 
bonate may be present without preventing the solution. Ammonia 
at ordinary temperatures and pressures prevents the solution, but 
not at 145^ C. As ammonia is found at Sulphur Bank and escapes 
toward the surface, this reaction is cited as the cause of precipita- 
tion. (Compare I.ccontc, as cited in Quarterly, July, 1890, pp. 
360-361.) Elsewhere, precipitation is chiefly referred to diminished 
temperature and pressure. Attempts were made with great suc- 
cess to imitate in the laboratory the natural operations, and too 
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much praise cannot be given to such endeavors to bring these pro- 
cesses out of the domain of speculation into that of actual experi- 
ment and demonsti alioti.* The source of the cinnabar is thought 
from many siig<^e.stive facts, to be in the granite, but although 
analyses of fresh rock yielded antimony, arsenic, lead, cop}:)er, gold 
and silver, no mercury was delected. Its absence is attributed to 
the variability in the composition of the granite. 

In general, it maybe said that the monograph is a very tliorough 
and suggestive book and is beautifully gotten up. While it is 
probable some of the conclusions, geological and otherwise, may 
not be admitted without discussion, such a course would lead to 
even better results. Sulphur Bank and Steamboat Springs have 
attracted such general attention in previous years that considerable 
has been already written on them. It may be regretted that in 
speaking of these and, indeed, of the other deposits, Mr. Becker 
did not give a short summary of what had been previously done, 
that a reader at a distance might be the better informed. Leconte*s 
papers and those of others receive the briefest if, indeed, any men- 
tion at all. 

The annual volumes of the U. S. Geological Survey on Mineral 
Resources, of which six have now been issued, are essentially 
statistical. But except in the case of the precious metals, much 
of great interest ts to be found on ore-deposits, and the books 
often contain material not accessible in other quarters. They 
began with the volume for 1883. The 6rst three were under the 
superintendence of Albert Williams, Jr. ; the last three have been 
under David P. Day. 

Two volumes of the Tenth Census contain iiiucli that is valuable 
in this connection. Vuluiiie xiii.. which is devoted to the precious 
metals, affords the most thorough and reliable general sketch of 
the geology and mining industries of the West yet issued. The 
work was done by S. F. Emmons and G. F. Hecker. under the di- 
rection of Clarence King. Under the two general divisions of the 
Pacific Coast and the Rocky Mountains, cacli State and Territory 
is taken up, and after a geological sketch its ore-deposits are de- 
scribed by counties. 

Volume XV. is devoted, so far as geological features are con- 
cerned, to iron and coal, for while there are tables relating to the 



* A siimmary will be found in the Amer,J«ur, Sd^ iii., XXXIII., p. IQ9, 1887. 
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production of the other base metals, there is nothing further 
except some metallurgical descriptions. Iron -ore deposits are 
treated in great detail. The work was done under the direction 
of Raphael Pumpelly, by E. R. Benton, R T. Putnam, Bailey Wil- 
lis and W. M. Chauvenet. The opening general essay, by Pum- 
pelly, is the best and most complete discussion yet published on 
the iron-(Hcs of the United Slates, and gives much lliat is sugges- 
tive as regards their origin. The remainder of the report contains 
a detailetJ account of the mines by States, beginning with Maine 
and working westward. The report also contains a sliort paper 
by N. S. Shaler on the Mica Mines of New England, p. 8^3. 

Reference has already been made to the series of reports by the 
U. S. Commissioner of Mineral Statistics. (.See the Qr.\RTERLY, 
July, 1889, p. 351.) After the publication of these was suspended, 
the annual reports of the Director of the Mint covered much the 
same field. For several years, however, the latter have been only 
statistical of the precious metals, as the other ground is firily cov- 
ered by the volumes of the U. Geological Survey oit Mineral 
Resources. 

Ai»i>KxiA M. — In the mcrrtion of the individual works above-, the 
lesults attained by the synthetic experiments of the French sltould 
have been referred to. This branch of minerah>g\' has Ixxn esj)e- 
ciaily cultivated among them, and is interesting, in that it throws 
much light on the processes by which minerals have formed in 
nature. The Etudi-^ Synthletiquesde Gealogie Expcrimetrtale, Paris, 
1S79, of A. r> I ibree, has several opening chapters devoted to 
ore-deposits. Tin-ores aie first treated. The very general asso- 
ciation of fiuorine and boron compounds with tin gave a bint as 
to the line of experiment As tin fluoride was not readily acces- 
sible, tin chtoftde was vaporized and introduced into a heated por- 
celain tube or crucible^ together with steam or with carbonic acid. 
In each case, artificial cassiterite resulted, and later, by a similar syn- 
thesis of phosphorns-pentachloride over quicklime, apatite was 
formed. A compound corresponding to topaz resulted in another 
experiment from the proper combinations of substances. From 
this the argument is niade that the tin has been introduced into 
its veins as a fluoride, and then has been deposited as oxide, while 
the other minerals containing fluorine resulted in parallel reactions. 
A second portion relates to veins of sulphide ores, and is based on 
the writer s investigations of the minerals, which were foumi to 
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have formed within the historic period at the old Roman baths of 
Bourbonne. The warm springs contain sulphates of the alkalies 
.and alkaline earths, bromides and carbonates of lime and iron, 
some alkaline silicates, and traces of many rarer elements. The 
interesting reactions took place on coins and other metallic objects 
which had been thrown into the piuicipal spring by visitor:* from 
the time of Augustus on. Four tli'iusand seven liumlred recog- 
nizable gold, silver and bronze coins were obtained, and traces of 
many others remained in casts. Twenty-four different minerals 
were idenlified, among them, ores of copper, lead and iron which 
had resulted from the action of the s[)rin<; water on the coins, etc. 
A subsequent chapter treats of platinum-deposits. 

Mention should also be made of the volume by Fouque and 
Levy on the Synthcse dcs Mmcraux ct d s Roches ^ Paris, 1882, in 
which is a detailed statement of all the artificial experiments in the 
formation of the various minerals made up to that date, with notes 
on their application to veins. The Handbucit dcr Mineralogie of 
Dr. Carl Hintze now being issued in parts, brings the same subject 
down to date. 

In the foregoing brief review the attempt has been made to give 
an intelligible account of the progress of scientific thought as 
applied to ore-bodies in order that in a connected perusal the 
broader development of the subject might be traced from its 
beginning to the present time. Right conceptions and standpoints 
can thus be formed from which to formulate further hypotheses. 
The literature needs additions, especially from those in position 
to make observations, and for such it is hoped the review may 
prove useful. Naturally no complete and detailed bibliography is 
given, for which there has been no room, and in the plan of the 
paper such could not find a proper place. 
Cornell University, Ithaca, N. Y. 



PROPERTIES OF PRECIPITATES. ETC. 

By E. waller, Ph.D. 

One division of Fresenius' book on Quantitative Analysis treats 
of" Forms," in which are given the properties of the various forms 
in which substances are separated for the purpose of weighing and 
determination. 
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It has seemed to the writer that those properties might be de- 
scribed in a manner more convenient for reference and also that 
there might be added the properties of various precipitates, etc, 
which are used In analytical work for purposes of separatum* Of 
course, only those properties are considered which have a bearing 
on the usual manipulation of the different substances. For con- 
venience the information has been grouped under the heads : 

"Remarks" {Ran.), giving points not properly belonging under 
any of the succeeding heads. 

Conditiofis {Cond.), referring tf) the character of the solutions in 
which the separation can be made. 

So/idniUi(S (6W.), under which the influences of different sol- 
vents which may be used in ordinary work are considered.* 

Contaminants [Coutam.), which is restricted to those substances 
only which w ould not be expected to precipitate if alone under the 
conditions obtained. 

Ignition (/gn.), or tlie beliavior of the compounds designated 
on heating to a high heat in the way usually pursued with most 
of them. Under this head it is also necessary to consider the effect 
of ignition in contact with filter-paper or other carbonaceous sub*^ 
stances indicated for brevity as " C." 

A table is given which is intended to indicate at a glance the 
precipitates, etc., used and the forms in which they are weighed 
in case that Is the object in view. Of course, the forms desig- 
nated as for weighing can also be used for purposes of separation,. 

(NH,\ pta,. 

Rem. — Precipitant, PtCl^. 

Yellow, perceptibly crystalline if fjrmsd slowly. Sometiines it 
is dissolved fro n the piper by hot water into a weighe 1 capsule, 
an 1 the solution evaporated, thus avoiding the uncertainties in- 
volved in the use of weighed filters. 

Cotid. — Solution should contain only chlorides. Sodium salts 
only permissible. Solution should be cold, slightly acid, con- 

• The terms "soluble" and iusuluble," as used in text-books* of analytical chem- 
istry arc usually misunderstood by students. The leruis are used in a relative — not in 
an al»olttte— sense, r.^., when a precipitate is said to be '* insoluble the meaning 
u^aatlf is that under ordinary conditions of work, with a moderate bnlt( of solution, 
etc , the degree of solubility is so small that no material error is involved by regard - 
ing the separation as complete. 
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sisting^ chiefly of strong alcohol ; an excess of PtCl« should be 
present. 

S<U. — ^Somewhat soluble in cold, more so in hot, water. Fairly 
insoluble in strong alcohol, though more soluble than the corres- 
ponding potassium compound. Solubility in alcohol diminished 
by addition of ether. Its solubility also increases more rapidly 
by a rise in temperature or the dilution of the alcohol. Solubility 
increased by acid (HCl) or by alkali, diminished by PtCl« or Na, 
PtCIe. 

Contmn. — NaCI which is not very soluble in alcohol. If suffi- 
cient PtCl, has been added to form Na.PtClfl. the amount of con- 

taiiiin iiion is small. The Na^PtCIf, crystals are more stronj^dy 
coiurcii and cliffLTent in shape (needle-shaped) so tliat they can 
be readily detected. Can be removed by a short digestion with 
cold alcohol. 

Ign. — Decomposed, leaving '^P'^nf^y platinum. Unless the heat 
is slowly raised some Pt may be volatilized with the products of 
decomposition. 

KG, 

Rem. — Obtained by evaporation of the solution, and gentle ig- 
nition. Frequently, when in admixture with NaCl, the sum of 
the chlorides is thus obtained, and the KCl determined by PtCl,, 
the NaCi calculated, or the chlorine is determined and the pro- 
portions calculated. Salts containing K combined with acids 
capable of expulsion by HC1» may be evaporated with excess of 
HCl. 

Cond. — Solution should contain only chloride or salt convert- 
ible into chloride by evaporation with HCl. Ammonia salts and 
such others as may be expelled by evaporation and gentle ignition 
may be present. 
Sol, — ^Soluble in water, less so in alcohol or strong HCL 
Cotttam, — NaCI» see under remarks. If the solution has been 
long exposed to the air of the laboratory, it usually contains some 
organic dust, which carbonizes by ignition, requiring filtering and 
re-evaporation. 

Decrepitates somewhat unless dried for some time. Fuses 
at a low red heat, and volatilizes at temperatures a little higher, 
a small amount of caustic alkali being usually formed at the same 
time. 
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Rem. — Obtained by evaporatiun of the solution, or by adding 
H.^SO, to solutions containing' combinations with \nlatil<_' acids 
(chloride, nitrate, acetate, t:tc.), cvaporatinj^j and if^niting. In cases 
of admixture with Na salts, processes similar to those indicated 
under KCl may be used. 

' — Salts forming non-volatile sulphates, or containing non- 

volatile acids (HjPO*, etc.), should be absent. 

Soi, — Modcrat ly soluble in water; much less so in alcohol. 

Ccntam. — Na,S04 or other non volatile sulphates. 

Ign. — Practically non-volatile in the heat of an ordinary Bunsen 
burner if the heat is not unnecessarily prolonged. Where the 
solution has contained an excess of HtSQi^ some undecomposed 
KHSO« alwa)rs remains, which can be best decomposed, or con* 
verted into KtSO« by heating with a few lumps of solid ammonium 
carbonate. Ignited with C, K^S may be formed. The conditions 
usually obtained, however, do not afford this result. 

K^PtCir 

Rem» — Precipitant, PtCl^. 

More strongly colored than the corresponding ammonium sal'', 
but otherwise resembling it in general characters. Like that com* 
pound, it is sometimes dissolved in hot water, and the solution 
evaporated in a weighed capsule, so as to dispense with weighed 
filters. 

C^Mb/.— Solution should be cold, alcoholic, and should contain 
preferably only sodium palts other than KCl. Chlorides or HCl 
should be present. Small amounts of Mg or Ca are permissible, 
though disadvantageous. 

Sol. — Somewhat soluble in cold, more so in hot water. In- 
soluble in stroiif^ alcohol and in ammonium salts. Solubility 
increased by acid or alkali, diminished by PtCl« or Na,PtClfi. 

Con/am. — NaCI and other salts (as sulphates) not soluble in 
alcohol. Such contaminants are most readily removed by wash- 
ing with aqueous solution of NK4CI, previously saturated with 
K,PtCl.. 

Tgn, — Alone, it is imperfectly converted to KCl and spongy 
platinum; with a reducing agent (as HjCjO, 2H,0), the conversion 
is complete. Th^ heat should not be too rapidly raised. If ig- 
nited in platinum too high a heat may fuse the finely divided metal 
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to the platinum vessel. After i^nttton, the KCl formed must be 
washed off with water before weighing. 

NaCl. 

Rfm.—See Rem, under KCl. 
Gmd. — As for KCl. 

i»W. — Soluble in water; much less so in strong HCl or alcohol. 
Less soluble in these menstrua than KCl. 

Contam. — KCl (see KCl) or other non-volatile salts. 

Ign, — Decrepitates violently on heating unless very thor()u<::[hly 
dried. Fusible at full red heat and volatilized at a tciiipciauire 
but little above its point of fusion. The temperatures of fiisiua 
and volatilization are, however, perceptibly higher than with KCl. 
Becomes slightly alkaline on fusion from loss of CI. 

Rem. — The suggestions as to K,SO^ throughout are applicable 
also to Na,S04 (see K,SO,) even to tlie formation of NaHSO, by 
evaporation with excess of H,SO| and ignition. 

CaCfi^ 

Rem. — Usual precipitant (NH^^C^Of. The solution of the re- 
agent had best be boiling hot when added. Precipitated cold or 
in very dilute solutions, it separates in a very fine powder. In any 
case, boiling for a short time and then adding a few drops of 
ammonia is advisable before proceeding to filter. If precipitated 
in boiling alkaline solution , the solution bumps vigorously. 
Enough oxalate should be added to convert all Mg present into 
MgjCjO^. 

Co»^. — Best precipitated in a boiling neutral solution, which 
should contain only Mg and alkalies besides the Ca. 

So/. — Dissolved by mineral acids, slightly soluble in acetic. 
Somewhat soluble in MgCl,. Insoluble in MgC.O,. From its 
soluti(^iis 111 mineral acids, ammonia or other alkalies precipitate 
it unchanged. 

Contavi. — MgCjO, which is removed by re-solution in HCl and 
reprccii)italion by ammonia. If the proportion of Mg jiresent f?; 
large this re-solution and reprecipitation may have to be repeated 
two or three times. Precipitating in a .solution barely acid with 
HCl is most effective in separating from Mg. 
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^f».^Afi(>rds first CaCO,, afterward CaO. Under ordinary 
circumstances the product is a mixture of the two. To obtain 
CaO it is necessary to ignite for some time over a blast'lamp* 
To obtain CaCO,, it is ignited moderately, and repeatedly moist- 
ened with ammonium carbonate and gently ignited after each 
addition. 

Ignited with H,S04 it affords CaSO^, which is frequently par- 
tially reduced to CaS by ignition with C, requiring further treat- 
ment with H^Of and ignition. The easiest mode of manage- 
ment IS to transfer the filter paper containing the precipitate still 
wet to an ordinary fusion crucible, and wet down with concen- 
trated niLiic and sulphuric acicJs. Then expel the excess of acid 
with a gentle heat, and finally ignite. A second treatment with 
HjSO, is often necessary. Instead of H.,S04, ^ strong solution of 
(NH^)oS04, containing free ammonia and about 2 gms. NH^Cl per 
100 c.c. has been recommended {^vid. Crooke's Select Methods 2d 
ed., p. 47). 

Rem, — Usual precipitant (NIl4),COj,. For separation or deter- 
mination of COf, the reagent is CaCl2 with ammonia. Usually 
obtained for separation. At first it separates in flocculent or 
amorphous form, but after a short time assumes a crystalline form. 
This change is hastened by warmin^^ gently. 

C&ftd, — Large proportions of alkaline salts, especially citrates, 
and of magnesium salts should be avoided. An alkaline solution 
is, of course, necessary. 

So/, — Soluble in water containing COs; very soluble in all acids ; 
decomposed and dissolved by NH,C1, slowly in the cold, quickly 
if hot. Insoluble in water containing ammonium carbonate with 
ammonia. 

fg'/t. — Converted to CaO as described under CajC^O,. The 
change is more readily effected if some carbon is mixed with it. 

Rem, — ^Usual precipitant for Mg — NajHPO, ; for (ortho) 
— ^"magnesia mixture," preferably that made with M<;Ll2. 

Should be crystalline ; if flocculent, some contaminant is present. 
Wlien llie pivjportion of precipit.iie which can form is small rela- 
tively to the bulk of the solution, some hours are necessary for 
complete separation. 
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Completeness of precipitation much accelerated by cold and 
agitation. 

When washed as usual with diluted ammonia, alkaline phos- 
phate (NajHFOt, etc.) is not very rapidly removed, the salt being 
1,'8S soluble in ammonia than in water. 

Cmtd, — Absence of silica or any bases other than alkalies. 
NH«C1 or ammonium salts should be present 

Sd. — ^Solution should be cold for precipitation and filtration. 
Soluble in acids, even when weak, in hot solutions and, to some 
extent, in cold water; insoluble in dilute ammonia. 

Contain, — Silica and Mg(OH)2 or basic salts of Mg. The latter 
is only likely to occur when the precipitate is used for the purpose 
of determining PjOj or P. The difficulty is avoided by adding the 
Mg mixture (preferably the chloride) slowly with stirring. Silica 
may be weighed and deducted after ignition, weighing and dissolv- 
ing in acid. MoO^ may also occur vvlicn the molybdatc separa- 
tion has prcct cicd. 

Igtt. — Should be well dried before igniting. If heated too rapidly 
some loss may result from too rapid decomposition. If the filter 
paper is allowed to burn with flame, some particles of the [>recipi- 
tatc (in wcighnblc amount) may be mechanically carried off. The 
precipitate has afterward a tendency to sinter together at a mode- 
rately high heat, thereby preventing the oxygen of the air from 
penetrating the mass and oxidizing the carbon, the precipitate 
being left gray or black. The best mode of managing is to expose 
the precipitate for some time to a dull red after the carbonization 
of the paper, and finally, finish with the full heat of the Bunsen 
burner. If the precipitate comes black, repeated moistening with 
nitric acid and cautious ignition is to be recommended. 

■Mg{OH\. 

Rem, — Usual precipitant Ba(OH)^ for sepaiation from alkalies 
when these are to be determined. The Ba(OH)^ should be tested 
for NaOH, which is not infrequently present 

Cond. — Alkaline solution moderately concentrated, containing 
no NH« salts. 

Sot, — Dissolved by acids or ammonia salts. Precipitation 
partly prevented by presence of organic salts, citrates, tartrates, 
sugar, etc. 

C47A/((tify.— Usually unimportant, the object generally being to 
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remove from the solution MgO and all substances except those 
readily separable by ammonium carbonate. 

^m.^ Precipitant for SO^BaCI« ; for Ba^ H^O^. 

Precipitated in an extremely fine state of division (runs through 
filter paper) if formed in cold or dilute solutions, or such as con- 
tain ammonia salts. Forms slowly if small in amount. 

The tendency of the precipitate to creep up the side of a beaker 
^ may be checked by adding a drop of HCl. 

Coftd. — Hot solution acidified with HCI. Hydro-fluo-silicic 
acid or silica sliould be absent, also large proportions of calcium 
salts, or salts of the (NH.^oS ^roup of bases. 

So/, — Soluble in concentrated H.SO4, ^^Cl when moderately 
strong and hot. and in HNO, even when tolerably dilute. It is 
also soluble in hot FejClfi. in alk.ilme and alkaline earth nitrates, 
citrates, and salts of some other oiganic aciii^. 

Insoluble in water, in (\ery) dilute HCl, and in acetic acid. 

Cofiiom. — The especial difficulty with BaSO, is its tendency to 
carry with it other substances, as alkaline, and alkaline earth 
nitrates, chlorates, sulphates and chlorides. Potassium salts give 
more trouble in this respect than sodium salts. The precipitate 
may also contain silica, and* basic lerric, aluminic or chromic 
compounds. 

Repeated boiling up with very dilute HCl, assists in removing 
some of these to a considerable extent, though there is some dan- 
ger of dissolving some of the precipitate by this treatment. Wash- 
ing alternately with hot dilute HCl, and with cold water, is often 
advantageous. Stolba*s method of purifying the precipitate con- 
sists in digesting (after washing) for ten to fifteen minutes at a 
boiling-heat, with 40 to 50 c.c. of cold saturated solution of Cu 
(CgHsOj^z ^n<l acetic acid, filtering and washing free from Cu (wV/. 
Crooke's Select Methods^ 2d ed., p. 492). Sloane recommends for 
purification from iron, to decant the supernatant liquid closely, 
then add 5 or lo c.c. of concent. HCl, and boil for one minute, 
dilute, and after nearly neutralizing with ammonia, filter and wash 
thoroughly {Jour. Aui. Chon. Sor., lii., 37). Archbutt advises to 
precipitate w arm (not boiling), allow to stand until thoroughly cold, 
and the precipitate has settled well, then to filter and wash willi 
cold water {Jour, Soc, C/wm. Ind.^ ix., 25). Jannasch and Richards 
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assert that no correct determination of SO^ can be made in the 
presence of Fe, because the precipitate always contains more or less 
of a double barium iron sulphate, from which SO3 is expelled on 
Ignition. To avoid errors they therefore recommend the previous 
removal of the iron by ammonia (/<wr. Pr, Chtm^ [2],xxxix., 321), 
also Lunge ^ Zis, Angtw ( 1880, 473). Ziegeler {Pkarm, 
Cenir,, 1 881, p. 555) recommends the addition of some AgNO^ to 
the solution (containing chloride) that the AgCl may enclose, and 
carry with it the particles of BaS04. After washing with water the 
AgCl mny be dissolved ofT with ammonia. 

Jgn, — With C some Bs S invariably forms. The difficulty may 
• be remedied by adding a few drops of fuming HNO, to re-oxidize 
the S, and igniting again, or better by re-igniting after the addi- 
tion of a drop or two of cone. HjSO,. 

Rem. — At first amorphous, it assumes almost immcchatcly the 
crystalline form in which condition it does not affect alkalimetric 
indicators. 

Cond. — Alkaline solution. 

Soi. — Soluble in water ccntaining LUjand in acids. Also taken 
into solution by NH^Cl and some other ammonium salts, espe- 
cially on boiling. Insoluble in a mixture of ammonium hydrate 
and carbonate. 

Contattt. — MgCOy if much is present, and carbonates' of fixed 
alkalies if present. 

Ign. — Converted imperfectly to BaO, unless mixed with carbon, 
when the change occurs readily. 

Rem, — Precipitation in most cases effected by NHfOH. 

When but little ferrous iron is present, and heat is applied, a 
finely-divided red (" brick-dust ") precipitate separates, which is in- 
soluble except in concentrated HQ. 

In presence of a larger proportion of ferrous salt, black Fe/OH), 

Fe(OH),, Fe,(OH), will sepa rate. With more ferrous salt the pre- 
cipitate is green, the color being lighter the larger the proportion of 
ferrous salt ; and when the iron is all absolutely in the ferrous form, 
the precipitate is white. Whenever ferrous salt is present, a double 
ammonium ferrous salt forms, which remains in solution, from 
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which the iron slowly precipitates by absorption of oxygen, and 
conversion to the ferric form. NH^Cl &vors the prectpttation of 
Fe^OH)^. 

C<md. — Iron should be in ferric form. H,S should be absent 
Sat. — ^Soluble in acids and in solution containing citric, tartaric 

acids, etc., as well as other organic substances, glycerine, sugar, etc. 

Insoluble in alkah'es. 

Confam. — Basic ferric salts, especially basic sulphate, unless the 
precipitant is in moderate excess. When precipitated by fixed alka- 
lies, the precipitate contains some alkali, which is washed out with 
great difhcuity. Precipitate will carry with it phospliuric acid as 
FeJlX"),y. in nearly sufficient quantity to form that compound. The 
excess «)f phosphoric acid will remain in solution unless some other 
base (Al, Ca, etc.) is present to carry it down in combination. Pre- 
cipitate may also contain nearly if not quite all of the Al, Mn and 
silica present. Mg, Co, Ni, Zn and Cu are also liable to be present 
in the precipitate, Ca also as CaCO, if the alkaline solution has 
absorbed any CO, from the atmosphere. From these latter (Mg, 
etc., including Ca), the precipitate may be freed by one or more re^ 
solutions and reprecipitations. 

Ign, — Converted to Fe^Oy With C, a partial reduction to Fe^O, 
may occur. Fe^O, is restored by adding a few drops of H NO,, and 
reignition. In contact with NH^CI, may form volatile Fe^Cl,. 

f^'i0ll\{ C//,0\,. Basic Ferric Acetate, 

Rem. — Ferrous salts, if present, arc not precipitated. If in very 
small proportion, they may induce the formation of the " brick- 
dust precipitate alluded to under FczCOlI),. In analysis of iron- 
ores and manufactured irons, the reduction of the major part of the 
iron to the ferrous form, and application of the basic acetate, separa- 
tion is frequently resorted to in order to remove the excess of iron, 
before determining phosphorus. 

C^ftd, — The dilute solution should contain but little free acetic 
acid. The (ferric) iron should be in the form of acetate. This 
is obtained by neutralizing the free mineral acid present and adding 
NaC .1 l^O^. No precipitate should appear in the cold, but on boil- 
ing a few minutes (three to five) it separates completely, provided, 
not too much free acetic acid is present Toa4ongboilwg causes the 
precipitate to assume a form which filters with some difficulty. 

VOL. XII. — 1 7 
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Sol, — Soluble in cold dilute acetic acid and in mineral acids, also 
in citrates, and other ox{^^x\\q substances mentioned as solvents of 
Fe^OH)^.'— Insoluble in hot acetic acid only when quite dilute. 

Ccntam, — Salts of fixed alkalies. Silica, alun*ina salts, and P^O^ 
the latter in the form of Fe^POi), [see Fe,(OH)J. The precipitate 
may also contain some Mn, Zn, Ni, Co or Cu. Mn is more likely to 
be present if the amount of NaCsH,0} added was large. The 
amounts of these last in the precipitate is much diminished by 
increasing the proportion of free acetic add in the solution. The 
danger of having sufficient free acid to prevent the precipitation of 
all the iron is, however, considerable. By redtssolving in HCl, neu- 
tralizing, adding NaCjHjOjand reprecipitating, the Zn, Ni, etc., can 
be removed. Zn usually gives the most trouble. If much is 
present, it may be advisable to precipitate in a solution containing 
enough free (acetic) acid to hold a little Fe in solution. The latter 
may be separated by evaporating the excess of acid from the filtrate. 
SiOj and Cu should be previously removed by known methods, if 
their presence in the precipitate will influence subsequent work. 

When chromium is present in liie solution, the action is [)eculiar. 
When iron predominates decided I \-. all of the chromium is precipi- 
tated with it. If the ratio of chromium to iron is nearly the same, 
not only much of the chromium, but some of the iron is retained in 
the solution. 

AliOH\. 

Rem. — In general terms the precipitate is very similar to 
Fe^OH)e but is more easily prevented from forming, and when 
separated, being more gelatinous in character, is less readily man- 
aged. Usual precipitate, ammonia. A good method of managing 
consists in rendering slightly alkaline with ammonia, and passing 
H,S, raising the temperature at the same time gradually to boiling. 

Cond. — Neutral or slightly alkaline solution, containing prefer- 
ably NH^Cl. 

5^^. — Dissolves in acids, and in fixed caustic alkalies ; some- 
what soluble in ammonia, especially in the cold. From this solu- 
tion it may be separated by boiling out the major part of the KH3. 
particularly if NH^CI is present. Precipitation prevented by pres- 
ence of tartrates, citrates, sugar, glycerin, etc* After boiling or 
standing for a short time, the precipitate will dissolve in acids 
(even HCl) slowly and with some difficulty. 
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Contam, — Basic Al salts, especially the sulphate. Retains P,0^ 
in proportion sufficient to form A1|(P04)|. May also contain Fe» 
Mn or SiO^ (hydrated). Possibly, also, Mg, Zn, Co, Ni, Cu, etc., 
from which last it may be freed by resolution and reprecipitation 
except, perhaps, in the case of Zn, from which a complete separa- 
tion of Al3(OH)« can scarcely be effected. Ca may also accompany 
it as CaCO, if the alkaline solution has absorbed CO,. 

/i,v/. — Converted to A1;^0,. Ignited with NH^Cl some volatile 
Al.Cl^ may form. After ignition practically insoluble in HCl. 
Converted to a soluble form by fusion with an alkaline flux. 

Rem J— OH service in the determination of Al in manufactured 
irons and in mineral phosphates. 

Cond^ — Fe, if present, should be in the ferrous form. The con* 
ditions usually produced are a solution acid with acetic, in which 
Fe has been reduced by Na^ Sf^^ and containing an excess of 
alkaline phosphate. This is boiled for some time. 

Soln — Dissolves in mineral acids. Insoluble in moderately 
strong HC2H5O2. Prevented by tartrates, citrates, etc., in the 
same way as Al,(OH)^ 

Contdtn. — Fe.j(rO/)2 and possibly basic ferric salt. If Fe is kept 
entircU' in the ferrous coiultlion iiich is not always possible) 
this contamination would not occur. Remedied by redissolving, 
reducing and reprecipitating. Caj(P04), (or alkaline salts if the solu- 
tion IS not sufficiently dilute) may also accompany the precipitate. 
Rt niedy by resolution and reprecipitation. Glaser's method for 
mineral phosphates involves the previous separation of the lime, 
as CaSOi, by the aid of alcohol (Zis, Augew Chan,, i^'&g, p. 656). 

i44( (?//)•( Ctf/t^f\.n- ^osic Alumina Acetate^ 

Rent, — ^Very similar to the corresponding Fe compound. Being 
more slimy in characier, it gives more trouble in filtering and gen- 
eral management. Used for separation only. 

Cond. — ^The same as for the Fe compound. Practically no free 

acetic acid is admissible. Al should be in the form of acetate. 
Precipitate obtained by boiling, If boiled too long, it filters and 
washes witii more difficulty. 

Soi. — Dissolves in acids, to some extent in very dilute boiling 
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acetic. If the solution after boiling is allowed to cool, a conside:- 
able proportion redissolves. Soluble, or precipitation prevented 
by citrates, tartrates, etc. The small amount almost invariably re- 
maining in the filtrate may be recovered by careful neutralization 
and boiling, or better by evaporating to dryness, and taking up 
with dilute acetic. 

Contam, — ^As for the Fe compound. Salts of fixed alkalies, 
P,Of [in proportion sufilicicnt to form AI^FOJ,)], SiO, (hydrated), 
Mn, Zn, etc. 

CrlO}l\. 

Ron. — In L^eneral properties this precipitate resembles Al,(OH)j 
and its nian i j/jiiicnt is similar. Its tendency to carrj'with it other 
substances, requires that it shall always be redissolved and repre- 
cipitated with ammonia at least twice. 

Cond. — ^Absence of members of (NHJjS groups and preferably 
of all non-volatile salts. Solution roust be exactly neutral (am- 
monia added in slight excess and then boiled until neutral). 
NH|C1 assists the separation. 

Soi, — Dissolves in all acids, in fixed alkaline hydrates and per- 
ceptibly in excess of NH4OH. Soluble or prevented from pre- 
cipitating by tartrates, citrates, sugar, etc. 

Omfam. — Salts of fixed alkalies, alkaline earths, members of the 
(NHJt S group, etc. (See above. Rem) 

Ign, — Converted to Cr«0» in which form, if strongly ignited, it 
becomes insoluble in HCI. In presence of fixed alkalies or alka- 
line salts and in contact with the oxygen of the air, is partially or 
entirely converted to chromate. 

(To be continued,) 
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STUDY OF A METHOD FOR THE QUANTrFATlVE 
DETERMINATION OF SUCROSE, INVERT- 
SUGAR, AND DEXTROSE, OR 
LEVULOSE. 

Bv F. G. VVIECHMANN, Ph.D. 

PART IL 
• 

For reasons indicated in Part 1. of this article,* a careful inves- 
tigation was made concerning the various conditions which afiect 
the destruction of the levulose on treatment with hydrochloric acid* 
It soon became patent that in order to gain a clear understanding 

of the problem, like attention would have to be given to the be- 
havior of invert-sugar and of dextrose, under similar conditions ; 
in consequence, this investigation was extended considerably be- 
yond the limits originally intended. 

The results obtained are recorded in seven " Series of Experi- 
ments," which are given below: 

For valuable and conscientious work performed in the securmg 
of these data, the writer acknowled<;es his indebtedness to his 
assistants, Messrs. Brainerd and Ziebolz. 

All determinations refer to 0.25 gramme, dry substance. 

Invert-sugar, dextrose, and levulose were each separately studied 
with reference to variations in ; 

a. The time of boiling. 
The amount of acid. 

The time of boiling against the amount of acid. 

These tests are given in Series i, 2, and 3, 

Series 4 and 5, treat of the behavior, under like variations of 
condition, of mixtures of invert-sugar and dextrose, and of invert- 
sugar and levulose 94.0 per cent, of the former to 6.0 per cent., 
respectively, of dextrose and of levulose. 

Series 6 exhibits the behavior of invert-sugar and dextrose, 
mixed in different proportions, when exposed under the same con- 
ditions as to time of boiling and amount of acid present 

Series 7 shows a parallel set of tests, carried out on correspond- 
ing mixtures of invert-sugar and levulose. 

* The School of Minu Qvartssly, vol. xi., No. 3, 1890. 
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Series I. — Invert-Sugar, 



0.^$ gramme of dry suk^mut used im eatk tJ^rimml* 



CondicJon varied : TioM of 

Boiling. 


CondiUoa varied ; Amount of 

Acid. 


Coodlttoaa varied : Hn* of 
Boiling and AmovBtef Add. 


60C.C. HCl (6 X normal tirength) 
were used in c*cb experiment. 


Time of Boiling : Four hours in 
each eaperimcnt. 


Time of 
boiling, in | 
hours. 


If all leviilu<>c, and 
only lcvulo<ic, were de- 
»ln>yed. there wnnltHx? 
reduced of I u . - 
1 ben; wer^ reduced 
af Cu* 

VP WW . 


Amount of HCl 

(6 X normal 
strength) used. 


If ait levulo^c, and 
on/y leviilosc, were rtc- 

^trtiyd. thirre would l>e 

1 here Wrr reduced 

ofCu: 


c - c > 

— ^ 0 

i .1 = - 

r-.£X S 


If r»n li-vi;Ii .Mui 

slruycd, itit-fr u 1 iii'd 
br reduce'. < f Cn 
o.apSi. There were 
reduced of Cu: 


1 


0.2075 > 0.2668 


30C.C. 




3 

hours. 


0.3254 / 






60C.C. 




6 h'r*. 
60C.C. 


0 2200 1 ^ , 

^ V 0.2295 

0.2300 1 


3 




90C.C 






4 






6 





Inspection of Series No. i, invert-sugar, teaches : 
U That, working with the prescril>ed amount of hydrochloric 
acid, of six times the normal strength, a boih'ng-ttme of four hours 
is necessary to effect complete destruction of the levulose present. 

2. That, boiling continued beyond this time results in partial 
destruction of the dextrose. 

3. That, the time of boiling being the same, the action which the 
acid exerts upon the invert-sugar is directly proportional to the 
amount of acid present ; that is to say, insufficient acid will leave 
some levulose undestroyed ; e.vcess of acid will destroy some dex- 
trose in addition to the levulu.sc. 

4. That, the time of boiling and the amount of acid u.sed aie 
directly interchangeable ; that is to say, that practically the same 
results are obtained by boilinL; for three hours with I20 c.c. of acid 
as by boiling six hours with 60 c.c. of acid. 
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Series II.— Dextrose. 

ramme dry substance ttsrd in each experiment. 



Cooditioo v«ri«d: Tmw of 
Boiling. 


Condition varied : Afltoimt of 
Acid. 


Comdiiiom v»ri«d: Time of 


60C.C. HCI (6x normnUtrength) 
were used in c«eb cxperioieBt. 


Time of Roiling : Four hourv in 
each experimeat. 


Bellini 


(and AnooM of Acid. 


Time of boiling, 
ill huurs. 


.If the clextroKc were 
n<^t attacked by (he 
acirl. there weald be re- 

i^nced of f^U " 0.4505. 

I'hcre ttwrir reduced 
efCu: 


= ■=5 
e X e 

< 5 


If the (lcxtro*e were 
not attacked bv the 
acid, there would d« re- 
duced of Cu — 0.4505. 
There wrrr reduced 
ofCu: 


«i 0 ■« ■ 

.-.Co 

^ E § S 
2 c_ c 


If the drxtrose were 
not att.il k<-<i l y iliff 
acid, iluTc would be 
reduced it\'u-=o.457o. 
There were rediioed 
of Cu: 


t 




30C.C. 




^h'rs. 

laoc c 




a 




60 cc 




6h*rs. 
60C.C 


0.2901 


3 




90C.C. 








4 












- 

6 


0.2901 1 _ ^ 

0 2929 r-*9i5 











Inspection of Series No. 2 dextrose, shows : 

1. That, dextrose in solution is attacked by hydrochloric acid 
of six times the normal strength. 

2. That, the amount of acid used being constant, the amount of 
dextrose destroyed depends upon the length of time that the boil- 
ing is continued. 

5. That, the amount of dextrose thus destroyed is not the same 
for corresponding periods of time, but rapidly increases as the time 
of boilin^^ is prolonged. Tlius, the difference in the amounts of 
copper reduced, is : Between one and two lioiirs' boiling, 0.0054; 
between two and three hours'boiling.o.oi 20; between three and four 
hours' boiling, 0.0179 ; between four and si.x hoiir.s' boiling, o. lo'^g. 

4. That, the time of boiling being the same, the action which 
the acid exerts upon the dextrose is proportional to the amount of 
the acitl present — the more acid, the more dextrose is destroyed. 

5. That, the time of boiling, and the amount of acid used are, 
practically, interchangeable factors. 
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Series III.— Levitlosb. 

o^S gram$i»t dry suhfattte ttstd in tar A experiment. 



Condiitoo varied : Time of 
fioUifif. 


Condition varied : Amount of 
Acid. 


Condliloiit Varied: Tine of 
Boiling and AmoiiDt of Add. 


60 CC, Ha(6x noraul strength) 
wen ved in each cxpciiment. 


Time of bailing : Four hours in 
euli csprrimeut. 


l ime of boiling, 
in hours. 


Untreated levulone rt- 
diicea of Cu — 0 439^. 

If all IcvitloKC were de- 
»iruyed no Cu wonl-i 
be reduced. I'hcre 
Wfre reduced of Cu : 


X si 

c £ ■£ 
? f 
E^H 
< S 


Untreatied Icvulosc re- 
duce* of Ctl ■> 0.4 790. 

If all Icvidoec were de- 
stroyed. MO Cu would 
be l«dl*C«d. I'hcrc 

were vedticod of Cti ; 


t* 0 «i • 
^ s s S 

V. If K f 


Untreated levulose re- 
duce* of Cu "f 0.4238. 
If all lcvuK«e were de- 
stroycd. no Cu would 
be reduced. There 
miere reduced of Cu: 


I 


0.2716 ) 

02746 1""' 


30 CC. 




7, h'rs. 
IJCC 

6h'r». 
60CC 




3 • 




60C.C. 




0.04771^" 


4 




90C.C. 






1 0.0477/^'^ 





Series No. 3, levulose, shows : 

1. That, the amount of acid bein^^ constant, the amount of 
levulose destroyed depends upon the length of time that the boil* 
Ing is carried on. 

2. That, the time of boiling being constant, the amount of levu* 
lose destroyed is proportional to the amount of acid used. 

3. Thaty the time of boiling, and the amount of acid used are» 
practically, interchangeable factors. 

Series No. 4 and No. 5 (see pp. 253 and 254) exhibit the de- 
terminations made, respectively on mixtures of invert-sugar (94 per 
cent.) with dextrose (6 per cent.), and with levulose (6 per cent.). 

Both series show : 

1. That, the amount of acid remaining constant, the time of 
boiling determines the extent to which the sugars are decomposed. 

2. That, the time of boilin^j remaining constant, the extent to 
which the decomposition is effected is dependent upon the amount 
of acid present. 

3. That, the time of boihng, and the amount of acid used, are, 
practically, interchangeable factors. 
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All of these tests, made on mixtures of invert*sugar and dex- 
trose, and invert-sugar and levulose, respectively, are simply con- 
firmatory of the results obtained by the experiments made with 
these substances indtvidually. 

In addition to establishing these facts, Series 4 and 5 show-^ 
was to be anticipated — that the length of time during which the 



Series IV. — Invert-Sugar and Dextrose. 

(94.0^.) + if'-O'A') 
oas grammt dry xukUance used m tack exper.imtnt. 



Condiiion varied : Tine of 
BeUiag. 


ComUtkm Taricd : Amount of 
Add. 


Condition* varied: Time of 


60C.C, HCl (6x norm.il "itrf ngih) 
were lued in each experiment. 


r*irn^ of Rnitinff ' T^f>Lir hours 

in each experiment. 


Boiling and Amount of Acid. 


Time of boiling, ' 
in huunt. 


If all levulnite, and 
«n!y levulose were de- 
-.tri.x c'l. there would be 
reduced of Cu — 0.7526. 
There were reduced 

of Cu: 


i^ — If .ill lcvuli/>.r, and 
^ g 3 only levulose were dc- 
° 3x stroyed, there would l>e 
= ^ ' re«Iuced of Cu —0,2526. 
- K = 1 There tieere reduced 


= .-£■■2 If .ill leviilcse. .and 
S E 5 3 "w/f l^viilose were de- 
^ ^'.^ — vtrM>>-<i, there would 
"3 C ^ ■£ be reduced of Cu — 

« 0.2526. There tvere 
't reduced of Cu : 
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ih'rs. o.2289\^,„. 
I»C.C.| aa3oSr "9a 
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m*/*^' 0 20S0 1 ^. 

12IC.C ^^.^f > 0.2103 
0.2126 


6h'rs. ' 0.2298 \ ^ 
60C.C. 0.2316 }°-'307 


3 
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0.2428 /o^'*'^ 
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boiling must be continued in order to destroy all of the levulose, 
depends upon the amount of levulose present. Thus, in the mix- 
ture consisting of invert-sugar 94 per cent., plus dextrose 6 per 
cent, three hours yield a result most closely approximating the 
theoretical value ; and, in the case of the mixture of invert-sugar 
94 per cent, and levulose 6 per cent., four hours were needed to 
obtain this approximation. 
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Series V. — ^Invert-Sugar and Levulose. 

0.2J gramnu dry substance used in etteh exfteriment. 



Condition varied : Time of 
BoUiiig. 


CondUion varied : Amouat of 
Acid. 


Cendi'iioin vartod: Tlne«f Bdl- 
hig and Amonnt of Add. 


60C.C. HCI (6x normal SI rcngih) 
w«r« tncd iii«Bch «ip«riine«t. 


Time of Boiling: Four hours io 
«acb enfiefimeirt. 


B 

- V- 

JS = 
E - 

^ 1 


If All levul<>«e, and 
only levuloM were de- 
«iruyedt there would l>c 
reduced of Cu — • ol23 56. 
There wwrr reduced 
ofOi: 




I" S 
* s 3 

n c - 


If all levulflM, and 
on/^WvuW«c were dc- 
stn^yetl, there wutdd be 
retiuceaof Cu ~ 0.3 a 38. 
lliere w<p reduced 
ofCu: 


e I 1*^ 1 If all lev\d0M. and 
■= E 5 g 1 *«ri^ tevuIoM were de- 
-5 " = itroyed. there would 
~ 1 ^ ■£ be reduced of Cn — 
g g B 1 0.9938^ There wrrr 
,S|u g lediicedorCo: 
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60C.C. 




■ "1 


2 

1 




lacc. 




6h'rs. 0.2088 1_^a 
60C.C. a2io8;**-^ 


3 


0.2 ^47 ) 
0.2370 i - "^^^ 






4 




6 


0 20S8 1 _ 
0.2108 }^-«^» 



Series No, 6 and No. 7 (sec pp. 255 and 256) show the effect of a 
C9nstant amount of acid, with constant time of boiling, on different 
mixtures of invert-sugar and dextrose, and of invert-sugar and 
levulose. 

The values obtained in series No. 6, with one exception (ratio 
95 ' 5)1 all show that less copper was reduced than should have been 
reduced. 

The values in series No. 7 alt show, without exception, that more 
copper was reduced than should have been reduced. 

The significance of these data is evident 

In the case of invert-sugar (series No. \)\ where the proportion 
of dextrose to levulose is as I : i, four hours' boiling with 60 c.c. 
HCI (6x normal strength) resulted in a destruction of the levulose 
almost theoretically perfect. 

Series No. 6 denioastrates that, if the substance operated upon, 
under the same conditions named above, does not consist of dex- 
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trose and levulose in the proportion i : i, but contains an excess 
of dextrose, dextrose as weU as levuiose is destroyed. 

Series No. 7 demonstrates that, if the substance operated upon 
under the same conditions, does not consist of dextrose and levu- 
iose in the prc^portion i : I, but contains an excess of levuiose, the 
levuiose is net all destroyed. 

It is therefore proved, that this method of analysis cannot serve 

Series VI. — Invkrt-Sitc \k and DExiK.»>K. 

o»i^ gramme dry st4>>i/inii<- uu J in each txpcriment, 

III cull instance: 



Time of Hoiling. 4 hours. Amount of HCl (6x normal slrengihj = 60 C C. 



Racto of 
iBvcit^agiar to Dexuote. 


IfaJilevul tn.l f?N/x levtiloM 

were de«troyeu. 
There woulil be reduced «fCu : 


There wrt reduced of Cu : 


50 : 




0.1460 


0.3218 J 


60 : 


40 


0.3238 


O.^IOb 1 

031 12}° 3109 


90 


10 


oas7« 


0.2573 / ^ ' 


94 


6 


0.3526 


0-2397 la2Aii 


95 : 


5 


0.2462 


0.2484 \ 0 2,01 
02498/°^^^* 


9« J 




0.3393 


0.2365 \ 
0.2380 [0.2383 
0.2405) 



for the determination of the relative amounts of invert-su^ar, dex- 
trose, or levuiose, when tliese occur together. The solution of this 
problem, if it is to be attempted on these lines, calls for the dis- 
covery of sonic reagent which will, under all c irnnin/anns^df^sXroy 
absolutely the one of these sugars, dextrose or levuiose, and not 
aiTect the other. 

Such a reagent would prove of the greatest value for the study 
of important problems in connection with the sugar* industry, atul 
by its aid we might also hope for the disclosure of some of the 
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Series VII. — Invert-Sugar and Levulose 
p-»5 grimmi dry substance used m eaek ex/^erimtrnt* 

In cncli instance : 



Time of Boilio^, 4 hours. Amount of HQ (6x normil strength) - 60 C.C, 



Ratio of 
Ittvert-SucKr to Lowilw*. 


If all kvuloM, and MW^Icvutose 

we*e dettioyed. 
Then wmiU be leduosd ofCii : 


There fiiirfT fcdoced of Cb : 


50 : so 


OJ177 
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60 : 40 


0^1413 


' * >OLi768 
0.1770 f**"'*^ 
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0.21 19 






a223S 




95 : 5 


0^233 


012254) 

0.2303 1 
0.2307 J 


98 : a - 


a23o8 


a24io1 

0.2421 » 

0.2440 J 



most closely-guarded secrets of niture's laboratory — the formation 
of saccharine juices In the v^etabie kingdom. 



JAMES BUCKTON MACKINTOSH,* 

Jam lis IVjcKTON Mackintosh ums born at Hjhinj^on, Cheshire, 
England, December 29, 1859. His mother died in England while 
he was a very young boy. and he was brought up by his father's 
niece, who took the education of the children after his mother's 
death. He was educated at Liver[)ool Institute schools, where 
he showed great promise, bein^ head of his classes in mathe- 

♦ S<« Frontupiece. 
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tnatics, chemistry, and electricity. At the local examinattoh, held 
May, 1873. he passed first, and was declared, '^An Associate in 
Arts of the University of Oxford." He also held a certificate issued 
by the Science and Art Department of the Council of Education 
pf England. In August, 1873, his family removed to this country. 
Shortly after, he entered the School of Mines; from vvliith lie 
graduated m 1877, vvilh llie degree of K.M. and C.li. Inimedialcly 
after graduation, he entered the Metallurf^ical Laboratory, where 
he remained until August, 1886, when he resigned to take the 
position of an instructor in chemistry at Leliiidi University, Beth- 
lehem, Pa. He liad hardly begun the work in the Metallurgical 
laboratory, before he commenced to develop original methods 
of investigation, and to show aj)titude for research as well as 
accuracy of detetnii nation that was remarkable in so young a man, 
and foreshadowed the distinguished position that he occupied, and 
the much more distinguished position that all his friends think he 
would have occupied if his life had been spared. He very soon 
became an authority in all matters relating to analytical chemistry. 
By the time he left the Metallurgical Laboratory, it was full of 
ingeniously contrived apparatus and accurately devised methods 
for chemical research and mineralogical determination. He was 
amongst the first, and was one of the most prominent in devising 
new methods tor accurately determining very minute amounts of 
' the constituents of iron and steel, and of correcting errors of pre- 
vious methods of analysis. When the colored gems came into 
fashion, he very quickly became an authority in determining them, 
and invented new, rapid, and accurate methods of distinguishing, 
not only between the false and the real, but also between the dif- 
ferent varieties ul all kinds of precious stones. It was not long" 
before he became an expert in the determination and analysis of 
new and rare minerals, and his name will always be associated 
with some of the determinations of very uncommon constituents 
in ^ome of the very rare minerals found for the first time m this 
country, such, for instance, as Hcrderite. His first analysis of this 
mineral was repudiated by both European and American experts; 
but it was not long before it was recognized that not only his 
analysis was correct, but his methods were more accurate than any 
of those which had been previously used ; and from that time his 
work was unquestioned. When there came a commercial demand 
for the salts of the rare metals Thorium and Lanthanium, and the 



Digitized by Google 



THE QUARTERLY. 



preparation of Zirconium on a large scale, he was among the 6rst 
to present practicable methods for their extraction from the min- 
erals which contained them, and the preparation of their salts on 
a commercial scale. 

Not being content with his position at Lehigh, after occupying 
it for some time, he left it on May 1st, 1 888, to accept the position 
of chemist of the Consolidated Gas Company of New York, which 
position he occupied at the time of his death. 

At the time of his death, he was a member of the American 
Institute of Mining Engineers, the American Chemical Society, 
the Society of Chemical Industry of London, and the Societe 
Chiniique de Paris. For the publications of these societies he made 
frequent contributions. 

He was short in stature, but very cpiick and active in his physical 
moveiiitnts as well as in liis mental processes, and he was as accu- 
rate as he was quick. His manner was cjuietand gentle. He took 
his ground in professional questions resolutely, and was rarely 
faulted in his determinations. In 1883 lie was appointed one of the 
editors of the School of Mines Quarterly, taking the literary 
part of the work in the editorial department, and to his able 
editorship this review owes a great deal. He resigned the editor- 
ship in 1888, before he returned to New York, he being at that 
time in Bethlehem, and unable to attend to the duties of the edi- 
torial chair. 

On the 29th of December, 1888, he married Miss Maty Hend- 
forth. He died on April 15, 1891, leaving his widow with a boy 
fifteen months old. His loss will be greatly felt at the School of 
Mines, in the profession, and among his very many friends. 

T. R 

The following is a possibly incomplete list of articles by Mr. 
Mackintosh : 

Chemical Neivs» 

On the Determination of Graphite in Minerals, Vol. 51, p. 147. 

Journal American Chemical Society, 

Oa the Action of Hydrofluoric Acid on Silica and Silicates, Vol. 
VIII., p. 210. 

American Chemical Journal, 

Tbe Electrolj^c Determination of Copper, and the Formation 
and Composition of so-called Allotropic Copper, Vol. III., p. 354. 
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The Volumetric Determination of Manganese, Vot. V., p. 290. 
A New Method for the Determination of Phosphorus in Iron 
and Steel, Vol. VII., p. 296. 

An Improved Form of Elliott's Gas Apparatus,Vol. IX.,p.294. 

American Journal cf Science. 

' On Herderite, a Glucinum Calcium Phosphate and Fluoride, 
from Oxford County, Maine» Vol. 27. p. 135. WithW. E, Hidden. 

On the Composition of Herderite, Vol. 28, p. 401. 

Titanic Iron Sand from J^iazil, Analysis of. Vol. 29, p. 342. 

On a New Thorium Mineral, Auerlite, Vol. 36, p. 461. 

Native Iron Sulpliates, from Chili, Vol. ^f?, p. 242. 

Yttria and Thoria Minerals, from Llano County, Texas, Vol. 
38. p. 474. With W. E. Hidden. 

Hudialyte from Arkansas, Vol. 38, p. 494. With W. K. Hidden, 

On the Occurrence of Polycnise, or of an Allied Species, in 
North and South Carolina, Vol. 39, p. 202. With W. £. Hidden. 

7 ratisactions of llw Institute of Miuing Engineers^ 

A New Method of Determination of Phosphorus in Iron and 
Steel, Vol. 14. p. 385. 

Electrolytic Determination of Copper, and the Formation and 
Composition of the so-called Allotropic Copper, Vol. 10, p. 57. 

Note on the Influence of Organic Matter and Iron on the Volu- 
metric Determination of Manganese, Vol. 13, p. 39. 

The Volumetric Determination of Manganese, Vol. u, p. 79. 

A Crystalline Subsulphide of Iron and Nickel, Vol. 17, p. 117. 

School of Mines Quarterly, 

Action of Hydrofluoric Acid on Silica and Silicates, Vol. VII., 
p. 384* Vol. VIII., p. 115. 

Graphite, Determination of in Minerals, Vol., VL, p. 159. 

Herderite a Calcium and Glucinum Phosphate and Fluoride 
Vol. v., p. 131. 

Manganese Methods, Vol. VI., p. 35. 

Note on Iron-Ore Analysis, Vol. I., p. 137. 

Separation of Nickel and Cobalt from Iron, Vol. VIII., p. 335. 

Some Causes of Error m Blank Analyses, Vol. IX., p. 81. 
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[Akalytical Chemistry, by £. Waller.] 

Impurities in Potassium Sulphocyanate, Hendrick {Chem. A'tU'S, 
Ixiii., 130), found a sample of this reagent which contained 60.44 per 
cent. KCl and 31.01 KCyS. On evaporating and crystallizing out a so* 

lutioii of the material, < iibical crystal were obtainetK It was noted that 
in presence of much alkaline chloride, KCyS itself will crystallize in 
cubes^ 

Sepciration of Barium^ Sirontiuut and Calcium. Russman {^Fres. Zeiis 
Anal. Chtm^ xxix.« 447)y gives the result of experiments on differeot 

methods. 

Frerick % chiomate separation of Ba. Neutral K,CrO^ gave a pre- 
cipitate always retaining some K^Cr04. In presence of acetic acid 
and NH«C,H,0,, Ba could be readily separated from Ca, also from Sr 

in dilute solutions, provided the ratio of Ba to Sr was about 50 Ba to 10 
or 15 Sr. With larger proporiions of Sr it was nnsatisfa( tory. BaCiOi 
could not be deteiinined by ignition. Dissolving the BaCiO, in HCI, 
adding KI and titrating I, gave unsatisfactory results. The best results 
were obtained when very dilute HCI was used, and the titration was im- 
mediately performed. 

DiehPs method. Dissolving CaSO, by Na^,0, from the mixture of 
freshly precipitated CaSO^ and BaS04. No accurate separation o1> 
tained. 

If^O^ itparation of Ba from Ca. When one of these elements pre- . 
dominated largely (Ba : Ca = 100 : i, oir nearly the reverse), the separa- 
tion was successful. Where 10 to 20 c.c. of HCI (containing 25.28 per 
cent.) were used, the BaSO^ contained No Ca. 

Siiierskr/$ method. Separating Caand Sr bv boiling with (NH^),SO^ 

and (NH^XCO^, and then dissolvini^ out CaC'X^, by dilute HCI. Un- 
satisfa( tory . When 8.4 percent. HCI are j>resent in the solution, an ap- 
proxitiiate separation can be elTecled. For separation of Ba from Ca, 
the method will serve. 

Bioxani s method by arsenate i^Chcm. //ois, liv., 16 and 168). Suit- 
able for qualitative purposes only. 

P/cistrJter s mcihvd Dissolving precipitated carbonates in standard 
HCI, titrating back excess of acid, prtcipiiaiing BaCrO^ by excess of 
standard K,CrO^ and determining excess of K,CrO^ by titration with 
Fe.SO^. Results for Ba were unsatisfactory. Some Sr was always pre- 
cipitated with the BaCiO^. 

Tke separation by digestion of BaSO^ and CaSO^, with a solution con- 
taining 3 parts K.^SO^ and i part K,COj, filtering, drying and weighing 
BiSf), + CaCOj, and determining th« CaCQ,^ alkalimetrically, gave 
good results. 
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£etsM*s fixa/afe method. Conversion to oxalate. Solution in H^SO^ 
and titration with permanganate. Sr and Cacan be determined by this 
means, but BaC^O^ is not completely decomposed by H,&P^» and gave 
unsatisfactory results. 

/r4fn and ehmimtm in phpsphates^ G1aser*s method {yide Quarterly, 
xi., 273). 

Von Gruber {JFrts. Zts., xxx., 9) finds this the most satisfactory and 
exact method yet devised. Meyer {Chem, 2^eit., 1890, No. 102)/ finds 
that when managed as described by Glaser, some Mg. compound will 
accompany the precipitate if that element is present. Test analyses on 
commercial y)hosphates showed results from about o.i to 0.4 per cent, 
too high when Mg. was present. Jones (^/x. Af>geu. Chan,^ No. i, 
189 1 ), proposes a modification^ which provides for the presence of MgO 
and avoids the use of unnecessarily large quantities of reagents. His 
process is: Dissolve 10 grammes of the phosphate in aqua regia ; dilute 
to 500 c.c. ; of this take 5oc,c., evaporate to 25C.C. ; add ioc.( . H^SO, 
(1:5), then 150 c.c. of alcohol* mix and allow it to stand three hours; 
filter off the OaSO^ and wash with alcohol. The washing is complete, 
when 10 drops of the filtrate with 10 drops of water fails to affect the 
methyl orange indicator. Distil off the alcoliol ; to the residue add 
nmmonia, and l>oil until there is no odor of NHj. Wash the precipi- 
t;Ue of iron and alumina jthosjihates three or four times with boilmg 
water. If the washings run lurbid, add a small amount of NH,NO, to 
the wash water. Dry, ignite and weigh, or dissolve in HNO, prec t]>itate 
with mol) l)date, and in the filtrate, separate the hydrates by warming 
with slight excess of ammonia. 

. Aluminum in Iron and Steel. Carnot {Bull. Soc. Cliim. [3] v. 139) 
describes a method which he has used for several years, which dtfiers but 
little from that of Stead (Quarterly, xi., 273), or Phillips</^, xii., 61). 
Dissolve 10 grammes in HCl, filter into a flask, wash the rc-^i(^K■ well, 
neutralize with ammonia and Nn,CO^ and add a little \ajS,^(J,. When 
the color has passed through violet to colorless, add 2 or 3 c.c. of satu- 
rated solution of NagHPO^ and 5 or 6 grammes NaCjHjO,. Boil until 
there is no odor of SO,. Filter and wash. Dissolve the precipitate 
with HCl, evaporate to dryness to separate SiO,. Take up with HCl, 
filter and treat the solution as before, using about 2 grammes Na.^SjO^, 
and 2 grammes NaC,H,0,. Weigh the last precipitate Al, (PO^j, and 
calculate. 

Commercial Aluminum. Regelberger {Zts. Angew. Chem., No. I, 
1891) finds that the determination of Al by methods based on the |>r<>- 
portion of H evolved by dissolving in KOH, gives incorrect results. 
The methods by determining impurities present he regariis as better. 
For a direct determination 2 gms. of the sample are dissolved by the 
acid of 15 gms. pure KOH, in a platinum dish, and the solution made 
up to 200 c.c. In 50 c.c. A1,;'0H\ is precij)itated by boiling with a 
slight excess of NH^NO^. The precipitate should be tested for SiO^ 
after ignition. I hc impurities m the KUH used must also be allowed 

Ion 

VOL. xa.'i8 
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Estimating Titanium Color hnetritalfy. Noyes { Jour, Anai. Cktm. , v., 

39). Mix 0.1 gm. of the finely powdered mineral with 0.2 gm. pow- 
dered NaF. Add 3 gms. sodium pyrosulphate. Fuse carefully, holding 
the burner In the hand, until copious fumes escape (2 or 3 minuies>. 
Cool, dissolve in 15 or 20 c.c cold water ; filter, add i c.c. H^Oj solu- 
tion, and a few c.c dilute H^SO^.and make colorimetric test, comparing 
with solution of known amounts of TiO,. The iron present affects the 
shade, hence the color of t!ie standard soltiiion should be made the same 
as that of the ore, by adding iron ammonia alum soluiion, before H,0, 
is added to either. Experiments showed that under the conditions 
mentioned no appreciable amounts of TiF^ were volatilixed. 

Deterniinhit; Zinc an Phosphate. Stone (' /ourn. Aua!. Chfm., v.. 67) 
has investigated the mtluence of ammonia salts, the tjuestiun having 
been suggested by the paper of Boyd i^QuARTERLv, xi., 355). A 10 per 
cent, solution of microcosmic salt was used, i c.c. for every o.ot gm. Zn 
present (.about three limes the theoretical amount). With this projior- 
tion, no mnterial an.ount of the zinc failed to precipitate in the presence 
of annuonium chloride, sulphate or nitrate. With the acetate, especially 
in hot solution, there was some loss, and less than that proportion of 
the precipitant in presence of NH^Cl also showed some loss. 

/.inc in Ferruginous Ores. Platz (S/ah/ und Eisen, ix., 494) takes 
advantage of the insolubdity of ZnS in arid, as compared with (hat of 
FeS, to effect the separation of Zn, without previously removing the 
Fe. 5 gms. of ore are dissolved in cone. HCI, 2 to 3 c.c. HNOj 
pdded, the mixture evaporated to dryness, diluted 10 about 300 c.c. and 
filtered, heated to l>ct\veen 80° and 100'^ C, aridified, and H._,S i>i<;sed 
to sel>araie C'u. etc. Alter Ulteriii<^, wliile the sohition is ^till saturated 
with H,S, acetic aeid and NH^C ,HjO, are ad<led, and ammonia is run 
in from a burette, the delivery tip of which is immersed in the solution. 
The solution is kept agitated, and the addition of ammonia (which must 
l)e ^TKin al toward the la>t') is < oiitiniied until the precipitate becomes 
l)ennaiiently grny from tormatiun of FeS. Dihite HCI (1 : 50) is then 
slowly added, with stirring, until the precipitate l>econies white, and 
then ammonia is run in in the same manner a^ before until the precipi- 
tate is light gray. On standing a short time the ZnS separates rapidly, 
when it should be filtered and washed with dilute ncetic saturated with 
?r,S. The subsequent management of the precipitate needs no 
expluualiun. 

Determining Manganese as Phosphtae, McKenna {Jour. Anai. Chem., 

v., 140'! ha^ cxjierimented as to the comparative advantages of Gibba* 
or lil air's metliud of [jrecipitating ; also as to precipitation in glass or 
platinum. Gibbs adds Na^HPO^ in excess, dissolves in HCI, boils, and 
then adds ammonia in excess. Blair adds HCI before adding the phos* 
phate. One method was found to be as good as the other. The neces- 
sity for getting n crystalline precipitate was fmind to be imperative. 
I>)iling in glass (tor three minutes, at anv rate) had no detrimental 
elTec t. In washing, hot water aluue seemed to be as good if not better 
than dilute ammonia or NH^NO, solution. When a small amount of 
iron was present there seemed to be a formation of a double salt of 



Digitized by Co 



ABSTRACTS, 



263 



Mn and Fe, soluble in ammonia when excess of alkaline phosphate is 
not present. 

Vohimettic for Afatigantse. Moore iChrm. Kcivs, Ixiii., 66) gives a 
meihod. depending on thr formation of the violet Mnj(I'Oj)g, and 
subsequent titration witli a rtdiu ii g agent, as FeSO^. The substance is 
dissolved directly in syrupy phosphoric acid, or dissolved, evaporated 
to a few C.C., and syrupy phosphoric acid added. KCIO, is then added 
and the mixture warmed, finally henting until no odor of CI is per- 
<eptible. After cooling, the sohition, which has a color resembling 
that of permanganate, is diluted to 100 c.c. and titrated with standard 
FeSO^ to complete disappearance of color, or an excess of FeSO^ is 
added, and the excess titrated back with permanganate. Cr only inter- 
feres with this process. 

Vohttucitic for Cohali. Von Reis and Wiggert {Zts. Angnv Chcm.^ 
1890, 6y5;. Under the conditions obtained for the Volhard method for 
Zn (solution neutralized by ZnO, and titrated by permanganate, etc.), 

cobalt may also be titrated, a precipitate containing Co,0, being 
formed. Since, however, the bhu k preri]iitate does not readily subside, 
it is best to add an excess of permanganate, filter, and determine the 
excess by a standard solution of some reducing agent, as FeSO^. Zn 
salts and H,SO^ interfere with the reaction. The value of the solution 
is determined empirically. 

Eiectrolytii Assay of Cof^prr. Croasdale { Jottm. Atuil. Chnn., v., 
133) gives a resume of the work done on this subject from Davy to the 
present time, to be supplemented by further work of his own. He notes 
that H,S is unsuited for determining the end of the reaction when only 
a drop of the solution is tested ; also that in <7//rnses the deposit should 
be waished with cold water with the circuit- closed. 

Teiiurium Estimation, Donath {Zts. Atif^fw. Chem,, 1890, 214) pro- 
poses the precipitation in the elemental form by hyposulphurous acid 
(made by the action of SO, solution on Zn) in the cold HCI solution. 
Precipitation is complete in 15 minutes. The washed precipitate is 
oxidized to TeU, by strong HNO^and weighed. 

VoAtmetnc far Tellurium, Brauner {Pr&c, Lend. Chem. Soc.^ '90-'9i, 
31). The reaction of tellurites with iodine could not be u-^ed. TeO, 
could not be titrated with permanganate when in HCI solution. In 
HjSO, solution, by a special method of manipulation, it could be done, 
but the result always showed i per cent, too high. By causing the 
reaction to take place in alkaline solution and then adding acid, results 
0.35 per cent, too high were obtained. If these corrections are applied 
the results are accurate. 

Carbon in Steel. Blair {Jour. Anai. C/um.y v., 121) and Shimer (//^., 
p. 1 29) report further experiments with the ** Special Carbon Standard.** 
The results obtained by Blair show further indications that the ammo- 
nium copper chloride introduces carbon, especially when nf id is used 
in effecting solution. Pure CuCI, alone gave the same results whethejr 
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acid or neutral solution was used. Potassium copper chloride gave more 
satisfactory results than the ammoniuin compound. Modifications in 

the purifying train were found to be advisable. Shimer notes that fil- 
tering the carbon without suction seems better adapted to the removal 
of HCl from the separated carbon. 

Carbon in SieeL Julian {Jcur. Anal. Oiem., v., 162)* On adding 
to the HNO, solution of steel (prepared as for cotorimetric carbon test) 

some dil ite permanganate solution, and digesting cold for some hours, 
hydratcd Mn( )^ sei)arates in proportion to the amount of carbon dis- 
solved. 36 parts C correspond to 220 parts Mn. 

'Hypochlorous Acid in Chlorine Water. Sal/cr {Pharm, Zeit.^ xxxv., 
457). The method of Lunge and Naeif is recommended. This 
dtpends upon the reactions — 

CIH- KI + HCI = KCI + I + HCl. 
HCIO + 2KI + HC: = 2KCI + I, + H,0. 

The HCl remains free only when CI is present. 25 c.r. of the water 
(neutral) to lie tested receive the addition of 10 c.c. decinonnal HCI 
and I gm. Kl. After conversion of the free iodine to iodide by use 
of N.i,S^O,, an acidimetric titration is made. If the water contains no 
HCIO4 exactly 10 c.c. decinormal alkali will be required to neutralize. 

The '* Citrate " Method for Phosphoric Acid. Reitmair {Zts. Arv^nv. 
Chem., it>(;o, 19 and 196) concludes, after an elaborate investigation, 
that in this method the precipitation of P,Of is always incomplete ; that 
variable amounts of Ca, Fe, Al or Mn always accompany the precipi- 
tate, affording sometimes a balance of errors. Ca nnd Mn arc the < hief 
contaminants. The ([uantity of M^ mixture must Lr [ trnportioncd to 
the amount of citrate used. The ignited precipitate aiways gives the 
reaction for orthophosphate (regarded as indicating the co-precipitation 
of a basic Mg J-alt). If HCl is used to dissolve the sample, much SiOj 
will ap]>ear in the precipit.ite. Even when H,SO, is used, some SiO, 
appears m the prct ipitate, though, on the whole, the tendency in thi:» 
case is toward too low results. 

Nitric and Nitrous Acids in Sfiring Wafers, Rosenfeld (^«f., Zts, 
avd Chnn., xxix., 661). The reagent is 0.5 to i gramme pyrogallic 
acid in 100 c.c. water. 

To 3 c.c. of the \*ater is added 6 c.c. of cone. H^SO^ and one drop of 
the reagent. The color developed may be compared with that produced 
in solutions of known strength, and thus made colorimetric. With less 
than 0.003 grammes N^O^ per litre, the color develops only after a time. 

The reagent for nitrons arid is 0.5 gramme pyrog;^1l'c arid in 90 c.c. 
water with 10 c.c. cone. H,SO^. 100 r.r. of the water to be tested are 
mixed with 2 c.c. of the reagent. If 0.0004 gramme N,0, per litre is 
preiient, a yellow color develops immediately, 0.0003 gramme in six 
minutes, 0.0002 gramme in twenty-three minutes, and 0.0001 gramme 
after ahotit seven hours. The reaction can also be made comparatively 
colorimetric. 
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Oxyi^en Dissohcd tn Waier, Linossier {BuU. Sac. Chim. [^] v. 63) 

efff t is tliis by mixing 50 r.c. of the water with 20 c.f . soda solution of 
36'^ Be. and jo t .c. of a 20 jjer rent. Rorlielle salt solution, and titrates 
with standard FeijO^, using alcoholic solution of phenosafranine as indi- 
cator. A special form of apparatus is necessar/ to exclude the oxygen 
of the air. 

Carbon Dioxide in Natural Waters. Leeds {Jour. Am, Chem. Sot., 
xtii.f 98), takes a measured amount ot the water (500 c.c. in the case of 
soft waters) adds phenolphthalein (not too small an amount) and titrates 
with decinormal alkali. The number of c.c. used on 500 c.c. multiplied 
by 2.2 gives approximately the c.c. of CO, per litre. The results ob- 
tained agree well with those obtained by eudiometric analysis. 

Hardness in Waters. Lepierre {Bui/. Soc. Chim. [3] v. 299), The 
actual value of the French ** degree'* of hardness is 0.0103 and not 0.01 
gramme CaCO, per litre, since it was established on a basis of o i gramme 
soda soap i^er litre in the testing solution. The value of tin- different 
** degrees" in grammes CaCO, ])er litre is given as; French, 0.0103; 
Eiigli>h, 0.0143; German, 0.01785. The last is on the basis ol o.oi 
gramme CaO per litre. 

The reagent used is 10 grammes dry (officinal) almond oil Soap in 
I litrir al< ohol of 70° ( ( ja\ -Luxsac). On each water four tests are made : 
ist, total hardness; 2d, after prcripitation by (NH^^^C^Oj (5 c.c. of a 
solution containing Vylh of its wciglu to 100 c.c. water); 3d, hardness 
after boiling ; 4th, after boiling and prc( ipitating with oxalate. If the 
hardness runs over 35** the water must be diluted. In presence of Mg, 
if the fir«t false lather is disregarded, and the addition of soap solution 
i*; continued, the floct idrnt precipitate of Mg soap gradually ceases to 
float, and an e.xact corre^spondence with Ca salts is obtained. 
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Thf. Cot t.!FRY Enginki.r ?> >< kft-Book. Rrvl-cfl cil'tton. f2mo., 226 pp. and 194 
pp. o( tables. The Cullicry Engineer Cuinpauy, Scrantoii, Ta. 

This convenient hand-book is a compilation of useful tables and short 
treatises on prospecting, mine management and engineering. 

As its name indicates, it deals particularly with coal mining and allied 
subjects^ Besides the usual tables of logarithms, areas, sines and cosines, 
squares, cubes and roots, etc., it contains tables of weights and measures, 
strenfj^th of materiah, weights of iron., steel, etc., in different shapes, 
safe working loacis for beams, pillars, ntpes. etc. ; also tables for the flow 
of air and water through pipes, and a table of corrections for stadia 
measurements. 

The text deals with elementary mathematics, mechanics and engineer- 
ing ; then with mine prospectinj*. ^in<1eT which liead is discn^^ed the 
ditK-rent roals. the opening of the mine, shaft and slope sinking, tim- 
bering, methods of work, etc. 

Ventilation is thorouglily and carefully treated, the chemistry of 
gases, and methods of dealing with fire-damp, etc., being explained; 
als-) the exploration of mines after an cxplo-.ion, and treatment of y->er- 
sons in)!ired or asphyxiated. Hvdraiilics and hydro=?tatics are briefly 
but lucidly discussed, also the pneumatic system of power-transmission. 

Mme surveying includes the description and use of the transit and 
wye level, and a discussion of the theory of stadia measurements, besides 
directions for field work. 

Underground railwiys and mine raichinery are adequately mentioned, 
the pumping, haulmg and ventilating machinery all receiving due atten- 
tion. 

There are valuable hints regarding boilers and their management, also 
descriptions and illustrations of ^ faults,** which are interesting and in- 
structive. 

The brief article on elertrii al mining machinery is an evidence that 
the book is well abreast of the iiia,-s, and that others besides electrical 
eng;ineers realize that electrical power transmission and dbtribution is 
at last taking its proper poiition as one of practical utility. 

Finally thi're is a glossary of mining; terms, and a tal»le of useful mem- 
oranda, whieii the student in this branch of engineering will had espe- 
cially valuable. 

The book is well printed in clear type on good paper, and is of a very 

convenient size for carrying in the pocket. 

The di>ciissions and demonstrations in it are rlear, and easily under- 
stood by any intellij^ent person. The student will find in it an epitome 
of what it IS necessary for him to iearn regarding the elementary princi- 
ples of mining and mine management, and the engineer will find it a 
handy book of reference and a uieiul aid in field and office. 

T. T. P. L. 
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Thbory and PR AmcE (»F Surveying. J. B. Johnson, C. E. 7th Revised and En- 
larged Edition. Octavo. 730 pp. John Wiley & Son:*. 11(91. 

In this latest revised edition of a popular text-book, the author has 
introduced new material which improves and strengthens the old, and 
brings the text up to date ia descriptions of Dew instruments and 
methods. 

In enufneratin|[ some of the new features, there may be noticed a new 

table of declinations, cuts and descriptions of the architect's compass- 
level, of Wood's double sextant .in place of the goniograph, of the cross- 
section j>olar protractor, and of Porro's telescope. 1 he latter instruiucnt, 
called also the lacheoineler, is a telescope for rae^uring distances by the 
telemeter, and does not require the application of the usual correction 
constant, for by the simple expedient of introducing an additional lens 
l)ehii^(l tlie obi rt ulass, all measurements are made dirrc tly from the 
centre of the instrument. The most im|«ort:int of the nt-w features nre, 
however, the partial re-writing of the chapter on land surveying, and the 
description and explanation of the method of finding the true meridian 
by observations on Polaris at any time, with a table for reducing the 
observations. 

In the chapter on land surveying, the author has incorporaterl much 
needed and valuable information relating to the laws governuig surveys, 
especially those bearing on the retracing of old boundary lines and the 
re-locating of old monuments. This subject is one of importance, espe- 
cially to the young surveyor, who, in the first few years of his experience, 
will probably be confronted with cases which will test his ability to de- 
cide dis[nites correctly and impartially. Depending, as he has to in his 
early experience, on the knowledge he has acquired while a student, it 
can easily be seen that the better the material he has had to study from, 
the better the decision he wi'l make 

The author has supplied this materia! in a condensed and clear expo- 
sition of rules for interpreting descriptions of property and monu- 
ments as they should be interpreted. 

Examples are given, also, showing how to describe and locate monu* 
ments so as to insure permanency and prevent ( onfusion. 

The desrrijjtion and explanation of the method for finding the true 
meridian by observations on Polaris at any time is a new and im}»ortant 
feature, and with the appended table laicen from the last Manual of In- 
struction of the Commissioner of the General Land Office, will prove of 
great assistance to the surveyor. The method of observation is the 
usual one, an<1 the reduction of the ol)served data is not complicated 
nor long. Knowing the loc<tl time within five minutes will enable the 
observer to determine the meridian within one minute of arc. 

In a new appendix are brought together descriptions of the geograph- 
ical pttsltions of the base lines and principal meridians governing the 
public surveys. 

The other parts of the book, unchanged in this new edition, are prac- 
tical, clear and well arranged. 

The descriptions of the usual surveying instruments, their adjustments, 
etc., are probably not to be surpassed by any other text<>boolc now in 
use. A more extended discussion of the methods of traversing, especially 
of the rapid method where the azimuths of courses are determined di- 
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Te( tly by backsigliting, woul<l be a welcome addition to the text ; also 
descriptions of the application of paced distances and the ranginj^ of 
lines by means of sight poles to the rough and hasty methods often u-^-'d 
in filling in the detail of a topographical survey, would increase the 
usefulness of the book. A more extended discussion of the effects of 
local attraction, and their elimination from the beannp«;, woiil.i also 
seem an improvement to the text. VV^itli these two or three exce{)tions 
the book is one which will continue to retain its position in the front 
rank of practical scientific text-books, and, as a book of reference, will 
be found most useful by the engineer. 

T. T. P. L. 



The MeJ Al.Ll Roy OK SlI.VKR, < ".<iI.D AND MtRCUKY IN THE UMTEU St\TES. By 

Thomas HjjIeMon, L.L.I).» I'r -fo-orof Mineralogy and Metallnrgy at the School 

of Mine-., ''uluinlii.i dlUi/i.-, New York Titv. In twn vohinie-. Vnl. M. Gold 
and Meicury, 920 pp. large octavo. John Wiley it Sons, New York. En- 
gineertitg, London. S7.S0. 

The first volume of Dr. Egleston's work appeared in 1887, and de- 
scribed in detail the various processes used in the metalhirgy of silver 
in this country. The present work, Vol. IL, is devoted to gold and 
mercury. The treatment of silver bearing copper and lead ores will be 
discu^-^ed in a separate volume forthcoming. R >th this voIujul- and the 
preceding one arc the results of the personal inve-»tigaiion of Dr. E^lcs* 
ton during extended tours made in the years i874» 1887, 1888 and 1889, 
supplemented by correspondence with his former pupib and others in 
direct charge of m*tallurgical establishments. 

The phin of the \Vi>rk hi-? b»:*'i to pre-..-iU the -neral principles of the 
treatment, giving afterwards examples of the b.;st practice under each 
one of the general heads. 

The deacriptioo of the methods of gold mining is arranged as folio vi, 
viz: 

r Gravel Minings 

Bearh Mmiiig, 
1^ Kiver or Bar Mining. 

JOesp Placers : 

Vtin Minings 

.1 ^» ( Dry Crn^hinsr, 
Amilgamatioo. [ crushing. 

Concentration and Chlorination. 



The treatment of the aurifL-nns material bv the primitive pan and 
cradle, the Tom." arrastra and bv m )'iern hydraulic mining, is com- 
prehensively described with the Protessor's usual thoroughness of detail, 
and occupies the first four chapters of his work. 
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Chapter V. is devoted to the sul)ject of gold stamping and amalga- 
mating', and under the modtrn finely developed mill machinery are 
discussed crushers, Huntington niiil, feeders, concentrators, amalgama- 
tors and the Knox pan ; the discussion also including tail treatment, 
retorting, casting, losses of jtold, etc. T his chapter is of necessity vol* 
uminous, and occupies nearly two hundred pages amply illustrated by 
thirty-five eng^ravinps. 

Hie extraction of gold by chlorine gas comprises Chap. VI., bcin^p; 
described under the Plattner process with the Mcars and Thies modi- 
fications. 

Under parting processes (Chap. VII.) are described the nitric acid 
process as formerly rarried on at the Philadelphia mint, the donble acid 
process used at the mints of Phdadelphia and San Francisco, the sul- 
phuric acid process now used at the mints of New York, New Orleans, 
Carson City and Denver, and the Gtitzkow or silver sulphate process 
formerly in vogue at the San Francisco mint. In addition are also 
given valuable and interesting tallies on cost of parting by the different 
mints, legal weights of coins with limits of tolerance and abrasion, coin- 
age production and consumption » etc. 

Chapter VIII. is devoted to the treatment of mercury-ores in Califor- 
nia, the processes being classified as follows, viz.: I. Distillation; II. 
Precipitation ; and III Roasting and Reduction in intermittent or con- 
tinuous furnaces; closing with a complete table on the production and 
price of mercury from the individual California mines from the year 
1850 to inclusive. The work is well illustrated and handsomely 
printed with clear type and generous marginal space. It is rendered 
easy of access by the thorough and carefully compiled index. J. S. 



W'mDINC'S Basic T^fsskmfr Proci^SS. Translated from the nmnm Kv B. 
Phillips, Ph.D., Professor of Chemistry and Metallurgy. University of Alabama, 
and Ernst f^ochaska. Met. En^. With Supplementary Chapter on Dephoapho. 
ri/ itinn in the BaMC Open Hearth Furnace, pp 334. 8vOl Qolh. Scientific 
Publishing Co., 27 I*ark Place. New York, 189I. 

The translators disruss th-' \yx<\r |iror-e'?s'^s tin(!fT fhe A)ll(>\vin^ hcad*^: 

Chapter I — The earlier methods of dcpftospfwrtzation are described and 
commen*^ed upon. 

Chap. II. — The bam Umttg^ giving the hifstory and description of the 
various parents taken out, the manufacture of tar bricks^ etc. 

Chap. III. — C^Hstrmihit amUintHg of the Convener^ giving the various 
shapes in use. 

Chap. IV. treats cf the materials used, the pig-iron, recarbonizers, Hux 
and blast. 

Chap. V .^Deiails praciice. Discusses duration of process, capa- 

city of the ronverrers, wa<;te, anangements for pouring, cranesy ingot 
treatiiient. sonki iiits, err. 

Chap. VI. — C lemical and physical reactions ^ giving analyses of slag^-?, 
iron, basic materials. Hienomena of oxidation, action of iron, silicon, 
manganese, carbon, phosphorus and sulphur; the influence of the basic 
fluxes, evolution of heat, etc. 

Chap. — General arrangement of Basic Bessemer tuorkst giving 
nnmeroub plans. 
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Chap. Vlir. — ■Utilization of thf fiasic Bessemer slat^, anah'ses, etc. 

Chap. IX. — Dephosphonzation in the Open Hearth, Materials used in 
furnace construction, mode of operation and analyses. 

Chap. X. — Ee0Homit results of the Betsie process ^ and list of basic plants 
in Europe and the United States. 

Appendix, — DesuiphtrtmHon of pig-iron^ description of methods em- 
ployed. 

Dephosphorization in Basic Open-Hearth Furnace. By Ernst Pro- 
chaska. Gives construction of furnace in detail ; numeroos analyses of 
iron, slag, steel, basic refracting materials, etc., and the advantages 

claimed for the process. Under the general head of h'ot^s are appended 
Keveral pages of addenda, inchidinsf a description of the basic open* 
hearth process as carried out at Pottstown, Pa. 

This able work is illustrated by 70 engravings, special attention being 
called to Figs. 54 and 55 in the chapter on the chemiral and physical 
reactions. These two figures are charts showing the behavior of all the 
ingredients of the pig-iron diiring the B-^ssemer process, and presenting 
the facts ui a graphic form, which renders their significance and rela- 
tions apparent at a single glance. 

The material here presented in this work covers the essential knowl- 
edge requbite for a good understanding of tin' !)asic processes without 
going into minute detail, and as su< h will no doubt receive the hearty 
commendation of metallurgists, students and ail interested in the manu- 
facture of s>teel. 

This work is printed on excellent paper, with clear ty^)e, and the 
illustrations are of good order. J. S. 

Mr. Robert Grimshaw, General Editor of the Trades Department f>f 
Funk & VV agnail's Standard Dictionary, being desirous of making a'i 
complete as possible his list of mechanical and industrial terms, requests 
manufacturers of machinery and tools having important parts not found 

on those of other makers, or the names of which are not yet in general 
use, to send the name, definition and use of each such part to him at 
115 Bible House, New York City. 



Elemrnts of Crystallography, for Stuhemts op CuEMrsTRY, Physics and 
MiNF.RALOOY. By George H. Williams, Ph. I)., A^OcUle Professor in Johns 
Ugpkin$ Universi^. New York, iieary Holt & Co^ 1890. 8vo. 250 pp. 

The author makes no claim to completeness or originality^ merely 

attempting to present geometrical crystallosfraphy clearly and concisely, 
with the amount of detail usually of service to students of the allied 
subjects, mineralogy, petro:^r.iphv, ( hemistry and physics. 

The book begins with a brief chapter upan crystal structure ; the 
general laws are explained and stated in the second chapter ; the state- 
ments are long and not so easily fixed in the memory as more concise 
statements qtialified where necessary by exceptions. 

In discussing the different svstems a duplex definition and classifica- 
tion is followed, dependent upon the closely related ideas of axes and 
of degrees of symmetry. While the former is essential to the descrip- 
tion of the form and the determination of the symbol, the latter is not, 
and admittedly it is not especially simple. " A definition based entirely 
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upon symmetrv cannot he wholly sntisfdctory, sim e it strictly excludes 
the hemihedral, tetartoheilral and hemimorphic forms, whose grade 
of symmetry is always less than their corresponding holohedrons." 
Why not then, for a student's work, omit discussions as to principal 
and secondary planes and axes of vmmetry, except in so fir i> needed 
in a discussion of the laws of sym-iietry. Very little is giinud l)y know- 
ing that the rhombic dodecahedron is disymmetric, the trigonal trisoc- 
tahedron monosymmetric, the cube qoadrisymmetric and the gyroid 
asymmetric. 

The author wisely uses first the* fundamental and easily understood 
symbols of Weiss, and later the condensations of Naumann, Dana and 
Miller. 

In general the work is all that it claims to be ; the definitions and 
explanations are very satisfactorv. The discuisions of that, to beginners, 

most confusing point, the fuiulimcntal form and its relations to the 
other forms, are very clear. Pan i< ularly satisfactory is this, "The axial 
ratios derived from all forms occurring on crystals of the same substaiice 
under the same conditions, roust be rational multiples of each other, 
while those derived from forms on crystals of different substances are 
irrational multijjles of each other. Thus the axial ratio becomes a 
physical constant for all crystallized matter that is not iM)mrtri( , and 
serves to identify it in the same way that a specific gravity hardness, or 
elasticity does." 

Interesting chapters are devoted to crystal aggregates and imperfec- 
tions of cry-^fTl'^. and an appendix contains a hrief explanation of zonal 
relations between crystal planes and their graphic representation by 
means of projections. A. j. M. 
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In accordance with the recommendation of the University Council, 
the awards of fellowships in the academic year 1891-2 are as below. It 
is proper c all the attention of applit aiils from a distance to the fact 
tliat in the transition from .an old order of fellowships to the new, 
practically only five of these twelve were this year available for outsMe 
appointments. Of these five, four have been awarded to men not 
graduates of Columbia College. Next year the number of fellowships 
open to outside competition will be materially larger, and after two 
years from this time larger still. The total number of fellowships lor 
1891-3 is twelve ; for 1892-3, eighteen ; and for 1893-4 and thereafter, 
twenty-four. 

Awards for i8gr~2, 

(/eorge Chnton Densmore Odell, A.B., Columbia College, 1889; 

subject, English. 

Frank Pierrepont Graves, A.B,, Columbia College, 1890; subject, 
Greek. 

Charles Harris Haye<^, vSnhject, German, 

Harold (rriffing, A.B., Columbia College, 1890; subject, History of 

i'nilosophy. 

Charles Riborg Mann, A.B., Columbia College, 1S90 ; subject, 

Phvsics. 

I'Mwin Mortimer Blake, E.M., Columbia College, School of Mines, 
J890; snhj^ct. Mathematics. 

John Farr Putman, Columbia College, 1891 ; subject. Greek. 

Edward Hymes, Columbia College, 1891 ; subject. Mathematics. 

William Z. Ripley, B.S., MiSiachusetts Institute of Technology, 
1890 : subject, Political Economy. 

C. A. Stuart, University of Toronto, 1891 ; subject. History. 

Max Leopold Margolis, L.nbnitz Gymnasium, B.irlin, Columbia 
College; subject, Semitic^ 

John C» McMynn, A.B,, Williams College, 1890 ; subject. Physics. 

LeCTORES to BB GiVEM at COLtJMBIA COLLEGE BY E. C. StBDMAK, 

Title of the course : The Nature and Elements of Poetry." 

I. OrutleSt Old and New. (Introductory and historical, with con- 
siderations on Poetry and Science), 

n. What is Poetry ? 

III. Creative Poetry ^ and the Poetry of Se/f-EK*>ression. 

IV. Meianehoiia, (The preceding topic continued, with special 
regard to modern times). 

V. Beauty. 
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VI. Truth. 

VI I. Imag^aatten, 

VIII. The Faculty Divine, (Discussing Passion, Inspiration; Genius, 
Faith). 

Depar tment of Ari hi 1 evtuke. 

The Faculty of the School of Mines, at their last mcctitigj approved 
of certain important changes in the Course in Architecture. In the first 
year, in place of Graphics, two hours a week and two afternoons are to 
he given to Projections and Shades and Shadows, and the three hours a 
week hitherto given to Descriptive Geometry and Botany are to be given 
tn the lectures, recitations and drawing exercises in Ancient Architectural 
History now taken in the second year. The Elements of Architecture 
are also begun, and Design from Dictation. In fact a chief part of the 
professional work now done in the second year will be done in the first. 
In like manner the History now taught in the third and fourth years 
will be i^iven in the second and third. This will leave the fourth year 
free for serious professional work. To this end additional work in 
History and Design is provided in that year, with Descriptive Geometry 
of an advanced character, and Stereotomv. 

As this offers more studies in the fourth year than any single student 
can profitably pursue, it was voted that each student, with the advice 
and consent of the head of the Department, shall make a selection 
among them, "such elective courses to be the equivalents in value and 
difficulty of the course hitherto established." It is proposed presently 
to add also advanced work in Engineering Design and Practice. It 
will then be practicable for a student, having at the end of his third 
year got through with all his elementary and preparatory studies, to de- 
vote his last year either to History and Design or to Construction and 
Practice, as he may prefer. 

At the same time the University Faculty of Mathematics and Applied 
Science established l^niverslty Courses in Architectural History and 
Architecttiral Design, in preparation for the decree of Master of Arts. 
There will presently be added corresponding courses in Construction 
and Practice. It will then be practicable for men who elect Design in 
their fourth year to take another year, either at once, or after a period 
of office-study, for the study of Construction and Practice, and for those 
who have elected tbe'ie branches before graduating to take an extra 
course of History and Design. This last course is indeed open at once, 
to all graduates of the Department, and there is reason to believe that 
quite a number of men, who are ready for another year of serious study, 
but have not the time or money for serious study abroad, will presently 
avail themselves of these opporttinities. 

Such students, added to the men in the fourth year, would give lis 
classes, whether in Design or in Construction, well prepared lo profit 
by all the resources at our command, and with leisure to give to their 
work the uninterrupted time and attention that advanced work requires. 
The Department is prepared to give much more thorough and pertinent 
instruction than has hitherto been given, but hitherto no students have 
had time to take it. The men have left the school just as they were 
ready to receive the best things it had to give. 
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In preparation for these changes, and for covering as much ground as 

possible in the first three years, the work in Projections. Shades and 
Shadows nnd the Elements of Architecture has been siinj)lifiL-d and con- 
solidated, so that each of these branches illustrates and is illustrated by 
the other. At the same time an exercise has been introduced into the 
first and second years whi< h serves not only to stimulate the creative 
itTin[;ination of the >tiulents but to impart some elementnrv r^nvons of 
water colors, perspective, construction and architectural planning and 
composition. This is a weekly exercise in Design by Dictation, in 
which some building is described, more or less in detail, sketched by 
the class at the time, and then drawn in plan, elevation, section and in 
perspective, and rendered in ( olor and india ink. These drawings are 
made on so small a scale that they do not require any previous knowl- 
edge of architectural detail, being in fact exercises in planning and in 
the composition of masses. 

The same system has been applied with equally satisfactory results to 
the study of ornament, the motif, or general arrangement of a Renaissance 
pilaster capital, for instanr c, being desrriheti, and each student left to 
develop the idea according to his own taste and judgment. 

The Study of Modelling, which was laid aside some years ago after a 
brief trial, for lack of a suitable room for the work, has now been re> 
stimed, a material having been found quite as manageable as clav, but 
which does not dry and so makes no dirt. The work ran accordingly 
be done without inconvenience at the student's (irawinir.t-it,!^.^. 

At the May meeting liic IVustees promoted Mr. bncrman to be an 
Adjunct-Professor in Architecture and Mr. Harriman to be Instructor 
in Architectural Drawing, and reappointed Mr. Snelling as Tutor in 
Architecture and Mr. Kress as Curator of the .'Xrrhitcctural Collections. 

Tlic McKiiii Fcl](j\vshii)s in Art liitcclure, for which the rir>t competi- 
tion has recently taken place, have been awarded to Messrs. A. C 
Mufiox, '88, and A. M. Welch, '90. Honorable mentions in design 
were also awarded to Messrs. J. M. Hewlett, 'go. and R. K. Mosley, 
'89; and in rr n 'ruction to Messrs. R. I). Kohn, '90, and H. E. 
Donnell, '87. The Committee of Award was the same that served last 
year as jury for the Columbia Fellowship, consisting of Messrs. R. M. 
Hunt, C. F. McKim (the founder of the Fellowships) and Thomas Hast* 
ings, Jr., of New York, and Mr. Arthur Rotch, of Boston. The marks 
in Design, as judged by the committee, and those in Construction and 
Office-practice, in which the papers were marked by offirers of the 
School of Mines, were assigned equal value in determining the final 
result. The committee note a gratifying advance in the quality of the 
work submitted by the sixteen competitors, as compared with that 
handed in for the Columbia Fellowship last year, both in design and 
rendering. Tlie two Fellowships are of $1000 each, and are to be spent 
in foreign study and travel, according to programme^ to be submitted 
by the winners for approval by the President and by the Professor of 
Architecture. 

The second cla.ss have begun drawing from the architectural casts in 
the Metropolitan Mu.seum, and will continue these exercises upon the 
re-opening of the Museum early in May. A. D. F. H. 
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DEPilKTHENT OP MINERALOGY AND METALLURGY. 

During the year there have been added to the iiiineralogical collection 
fifty-eight oew species and twenty- five new varieties. The collection 
has been recounted and catalogued showing now» independent of the 
special student, conference and determinative collections which include 
about 8000 spec imens ; a total of 19.745 sjiet imens, representing 955 
species. It is interesting to note the loilowing: Between 1879 ^'^^ 
i8S6y only 75 missing species were obtained, or say 11 per year. In 
1887 the working force of the department was increased, making col- 
lection work pos&ible, and in the succeeding four years, 397 new species 
were secured, or an average of 74 per year. 

The department has received from Olcott, of '74, lies, of '75, Rolker, 
of *75, Chazal, of *8i, and Rowland, of '84, a fine rock section cutter, 
which was used at once by a number of persons desirous of learning 
thi*^ branrh of mineralogy. 

From Terhune, '70, Noyes, '75, Legget, '70, Rutlman, '80, Hopke, 
'80, Morgan, '84, and Perkins, of '88, 288 rock sections which are m use 
in the department. 

Lindsley, '70, Gratacap, '76, Mackintosh, '77, Hollick, '79, Koch, 
'79, Klepetko, '80, Parsons, '8a, Young, '82, Payne, '82, Bullman, '83, 
Channing, '83, Davis. '87. Church, '87, Miiller, '87, I.usk, '87, Taylor, 
'87. have presented a large and very fine W'oUaston's goniometer. Mr. 
R. Pearce, a set of gold crystals Irom New Mexico. 

Association of the Alumni. 

The Secretary takes great pleasure in announcing that in response to 

his circular of request, there have been nearly 250 sets of professional 
service sheets sent in by Alumni, and the new scheme has attracted 
several who were not before members, to join the Association, Prefer- 
ring not to issue a list until more than fifty per cent, of the Alumni have 
responded with data for publication, the new list will not be contained 
in this issue of the Quarterly, and those who have not replied to the 
cirfular request, are strongly urged to do so and a^; soon as possible. t> 
the end that the list may be prepared f(jr the final number. J he ]jlan 
outlined seems to have been approved, and Ahanui are requested to do 
all in their power to further the idea. A bulletin of vacancies and avail- 
ables is issued in connection herewith on the followii j | ige. 

F. R. H. 

Secretary, 
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Employment BuLLBmr. 



The Secretary has the following memoranda as to places vacant, and 

Alumni available for employment. The whole numbers belong to avail- 
abies ; the decimals refer to vacancies. Inquire by making use of the 
list number. 

No. I. M. E. '86. Mining experience in Montana; engineer with 
experience in wire-rope engineering. 

No. 2. Ph. B. Chem. '79. Instructor in chemistry and in field. 

No. 3. M. K. '90. Mining in Tennessee. 

No. 4. M. E. '80. In structural engineering and insurance inspection. 

No. 5. Ph. B. '82 and Ph. D. Professor of chemistry, geology, etc., 
at West ; prefers similar chair at Eist. 

No. 6. Ph. B, Chem. '89. In charge of chemical manufacturing 
de|)artment, prefers outside superintendency of similar work. 

No. .Of. Assistant chemist in commercial laboratory in New York. 
No. .02. Assayer, for wet and dry methods about a smelter, in Texas. 

Salary, $75 to |ioo. 

No. .03, Mine superintendent and captain with experience "n ^old 
and some as manai^cr ; must assiv nnd ex|)lore ; salary begins at Si 00. 

No. .04. Chemist and mineralogist, to take charge of laboratory of a 
cop|)er company in Canada; salary, $1000 to $1200. 

No. .05. Teacher of Applied Mathematics, surveying, strength of 
materials, descri])tive geometry, etc., as assistant to chief in an Indiana 
college ; civil engineer preferred. 
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BRICK PAVEMENTS. 

By WERNER BOECKLIN, J», C.E. 

Brick pavements, although by no means a modern invention 

or of American origin, have of late years been steadily growing in 

favnr in this country, especially in many of our Western cities. 

Capital has been attracted to the subject, and to-day many kilns 

are in operation to the utmost of their respective capacities. The 

growing popularity of the brick pavement is not only justified by 

our own experience, accumulated within the last twenty years, but 

also by lessons we are now learning from others, though we might 

have learned them years ago. In Hague, Rotterdam, and other 

large cities of Holland, brick has for more than a century been 

' the only finished material used for paving. The streets of the 

principal cities of Holland are subjected to as heavy a traffic as 

the streets of any of the other large cities of Europe. In Hungary, 

too, brick pavements, laid in cement, are very common. 

As a matter of course our pioneers in this system of pa\ in^ were 

not at first altogether successful. The nature and quality of the 

clay best suited for the purpose had to be ascertained, the best way 

of burning the brick, and the most practical way '^f laying had all to 

be determmed. But time and all those accunuilatL'd experiences 

enable us to-day to handle the subject with almost mathematical 

accuracy. Such a variety of conditions have to be considered, 
v6l. XII,— 1 9 
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however, tn order to arrive at a strictly perfect and satisfactoiy 
brick pavement, and 90 much has been written within the last two 
or three years in reference to the various technical facts and theo- 
retical points of the system, that the present writer has been 
tempted to here state and elucidate those facts and points, t(^ether 
with additional data bearing thereon, as gathered by himself in 
the course of some practical investigations; for it is becoming 
more and more evident that brick will supersede all other pave- 
ments — is destined to be the pavement of the future. 

Clays. 

Clays, to make good pavers, should be able to stand a high 
temperature in the kiln ; they should not be entirely infusible, but 

should contain fluxing agents in such proportions as to render the 
brick tenacious and to give to it a sh^ht degree of vitrifaction. 
The occurrence of limestone in the clay is particularly to be 
avoided as it is changed to caustic lime in the burning, and by the 
action of moisture will slack and thus disintegrate tlie brick. Iron 
will not be found injurious in a paving brick. The amount is 
practically limited, however, when it comes to exposing the brick 
to a high degree of heat ; 6 per cent, of iron will render the brick 
useless. 

The elasticity of brick is due to the aluminum contained in the 
clay and not to the iron. 

At the convention of the National Brick Manufacturers, held in 
Indianapolis, February, 1891, Mr. Jones said, in this connection: 
*' The majority of good building brick clays, with different treat- 
ment, will make fairly good paving brick for light travel. But to 
stand the wear and traffic of large cities, and to equal granite and 
other high-priced pavements, there must be a careful selection of* 
clays, such as semi-fire clays or some of the shale clays, that will 
stand a high degree of heat, so as to become thoroughly vitrified 
and at the same time have that toughness that is necessary to stand 
the continuous friction of heavily-loaded teams from and to the 
freight stations and boat wharves." 

■ Mr. C P. Chase gives as the average composition of clays used 
for paving brick: 69.1 per cent, silica, 15.5 per cent, alumina, 5 
per cent, of chemically combined water, 2 per cent, moisture, 2.5 
per cent, iron, 2.5 per cent, magnesia, 3 per cent, lime. These re- 
sults -he derives from analyses often of our best brick. 
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Preparation of Clays. 

Formerly it Was the practice to weather the clay after it was 
taken out of the bank ; that is, to pile the clay in heaps and allow 
it to stand through the winter. Alfred Crossley says in this con* 
nection : " Clay is always improved by weathering, no matter how 
good it is naturally. Common brick made from weathered c]ay 
are stronger, sounder and less liable to flaws and cracks than those 
made direct from the bank." But in this age of haste this is too 
slow a method by &r, and so a long line of fine machines has been 
placed upon the market to do as nearly as possible what was 
formerly left to nature* Upon the continent of Europe, weather- 
ing is still resorted to quite extensively, but in the United States 
it has been replaced almost exclusively by the action of machinery. 

Clays for pavers must not be prepared as are those for common 
brick, but must be well tempered and mixed. Neither are all 
clays to be trcalcd alike in this respect. Bricks are divided lato 
three classes, namely : 

1. Soft mud. 

2. Stiff mud. 

3. Dry pressed. 

Either i or 2 will answer for making pavers, 2 being preferable, 
while 3 will not answer at all. As every clay will not work into 
a stiff mud some will have to be treated by mixing so as to make 
this possible. The stiff mud being denser and stronger than the 
other, it is found to answer our purpose much better. This 
strength or toughness sought in a paving brick is due in a great 
measure to the fineness of the particles of clay ; the finer we crush 
the clay the better will be the results, for fine clay will vitri^^ much 
more quickly than a coarse one and will stand abrasion better. 

The method used in handling the clay at Burlington, Iowa, is 
as follows: The clay is excavated by hand and placed in cars 
holding about one cubic yard. These are hoisted on an inclined 
track and their contents dumped into a hopper which feeds into 
the dry pan. Here the clay is crushed by means of heavy revolv- 
ing rollers to about the size of small bird shot, when it dro{3s 
through the perforated bottom of the pan into buckets on an end- 
less belt. This carries it to the tempering machine where a man 
stands with a hose in hand to thorouehlv wet the clav. The 
stream is just sufficient to make the clay into a very stiff mud. It 
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is now ready to pass into the brick machine, from which it comes 
out in long bars and is cut oil the required length. 

Burning. 

" Clay is silicate of alumina with foreign admixtures of sand, iron, 
lime, magnesia and alkalies. Under the action of heat the alkalies 
melt and begin to dissolve the other materials. Increase the heat 
and this action becomes rapid and more complete ; at the same time 
the iron, lime and magnesia begin to act as fluxes. Continue to 
increase the temperature and wc continue the solveiU action. 
When all the particles have become impre^matcd with the melted 
portions wc have reached vitrifaction. This solvent action is then 
a chemical one. The alkalies, alkaline earths, sand and alumina 
combine to form double silicates. These silicates — slags let us 
call them — when cooled, form an inseluljlc matrix m which are 
imbedded and firmly cemented the undiss(jlvcd particles of clay."* 

A good bond must then be given to the material making up the 
brick, to insure which a certain temperature, which must be uni- 
form, is employed. It is difficult to obtain this uniform tempera- 
ture, but it should be had as nearly so as possible, by using care 
in the firing so that most of the bricks will reach a good bond at 
about the same time. It is, therefore, necessary to retard this 
bonding action in the hotter parts of the kiln and to increase it in 
the cooler parts. To do this it is necessary to increase the sur&ce 
exposed to action of heat in the hot parts by massing the bricks 
closer together. 

That this stage of the manufecture of paving bricks is of great 
importance may soon be learned by a close observation of the 
manner in which the bricks wear when put into the str ee t If 
some of the bricks begin to crumble and give to the street a gen- 
eral appearance of roughness you may know that the ** bum " was 
not uniform. 

" If blocks are made 4 inches by 8 inches they should be set in 
kiln at least an inch apart and the water-smoking should be slow 
and steady." .... "The kiln should not be opened until nearl\- 
cool. As a rule, it takes as long to cool off a kiln, to get the best 
results, as it does to burn it." 

*' A good paving brick is burned slowly and made as hot as it 

* Ellis Lovejoy, in C/«> mrker. 
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will stand without fusing^ then covered so tight that no draft of 
air will pass through the kiln. It must cool ofT by the natural 
radiation of heat from the centre to the sur&ce. 

The moment cold air strikes a hot brick, the tenacity and 
strength of that brick is weakened, and abrasion by contact or 
friction of heavy bodies passing over it is much increased. Tliis 
is why I insist upon the pjreat importance of using fine damp clay 
to lute over or cover a kiln as fast as well-burned places on top 
appear; it not only saves labor and fuel, but gives uniform hard- 
ness and tenacity to the brick." * 

The usual fuel for burning the bricks is bituminous coal, 
although oil has been tried as well as gas. D. V. Purinfjton tried 
using crude oil at his kilns near Blue Island, 111. Oil was also 
applied by P. L. Sword & Son, of Cleveland, Ohio. The saving over 
coal is estimated by Mr. Purington to be fully 33.5 per cent. 
Although this was not for paving brick, the writer thinks that oil 
could be used for burning pavers with success. 

Since writing the above, Mr. Purington has experimented with 
petroleum and steam at Galesburg, and the process shows such 
evident merits that the Granite Brick Company of Burlington, Iowa, 
put the method to practical test at the works in that city. 

The noanager of the works at Burlington, Mr. Neis, has kindly 
given the writer some information with regard to the burning of 
crude petroleum. Soft coal had been used, and the experiment of 
using petroleum was tried. Slight changes only had to be made 
about the furnaces. The crude oil was delivered by gravity to the 
combustion-chamber, into wiiicli it was sprayed by means of a jet 
of superheated steam. It was expected that all smoke would be 
avoided by this process, and that the temperature could be raised 
to any desired degree in a very few minutes, and a kiln of brick 
be burned by this in about half the time required when using coal, 
and that the burn would be more uniform. 

The experiment was not a success, and the use of oil had to be 
given up at Burlington on account of the high density of the clay 
found there. The heat derived from the use of oil was intense, but 
was not carried through the kiln, and did not therefore give such 
uniform results as the heat derived from coal. We see from this 
that while oil might be used in burning a light clay, it has not yet 
proved a success with dense clay* 

* J. W. Craiy, Sr., in Clay Worktr, 
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An up-draft kiln cannot be employed in the burning of pav^ing 
brick, as it gives non-uniform results. With the down-draft kiln 
from ^5 to 90 per cent of the bricks are fit for pavers, the rest 
being good as common building brick, or to be used as the bottom 
course in the street* The best paving brick will come from the 
middle third of the kiln, the upper and lower thirds being some- 
what inferior in quality, although they can be used and are used 
in the street , The color of different varieties of brick is no indi- 
cation of their strength. 

Laying. 

There are three essentially diflerent methods of constructing a 
brick pavement The first and most common way is that of a 
layer of bricks laid flat, and the paving bricks proper placed on top 

of this layer on edge. The second consists of only one layer of 
bricks set on their two-inch side. This method is not so generally 
used as the first. The third construction is the same as the first, 
excej)t that boards are laid in place of the lower course of brick, 
and the pavers placed on top of these. This is a patent pavement, 
and has but a comparatively limited use. Reference is made here 
only to those bricks of the ordinary form. There is another method 
employed which involves the use of a patent paving block \ only 
the one layer of bricks is used in this case. 

To describe the first method, it will answer all purposes to take 
an actual case which the writer investigated thoroughly, and which 
is representative of good practice followed in many of our western 
towns. 

The system employed in Burlington, Iowa, is as follows : On 
those streets which were originally macadamised, the road is simply 
torn up to the required depth, and, in case of this not carrying the 
sub-grade beyond the macadam, three inches of sand are spread 
over and brought to the proper form by means of a drag extend- 
ing from curbstone to centre of street When alt the macadam 
has been excavated, and sub-g^rade is on the earth road or where 
there was no macadam originally, a foundation of about two inches 
of cinders is spread ami well packed by a 2000-pound roller, and 
on this is placed a layer of sand two inches thick, evened over as 
in the former case. The cinders are found to answer the purpose 
of sub-foundation admirably, as they pack solidly and are cheap, 
costing but ten cents per wagon load. Upon this layer of sand or 
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cinders, a course of common bricks is laid, the bricks being set 
flat and lengthwise of the street, care being taken to break joints. 
The course is then thoroughly rolled or rammed to settle into 
position. Upon this is spread clean river sand, which is swept 
well into the joints, sufficient being left to cover the course to the 
depth of two inches. 

Everything is now ready for placing the paving brick proper, 
which are laid on edge and crosswise of the street, breaking joints 
as in the other layer. After rolling well with a hand-roller, enough 
sand is spread over the top to fill the joints and cover the entire 
course to a depth of about one inch. This sand is allowed to re- 
main to be carried into the joints as much as possible by means of 
traffic and rain. At street intersections the top and bottom courses 
are laid at an angle of 45 degrees with the street line, and at right 
angles with each other. 

On grades from 0.5 to 4.0 per cent, the street should be crowned 
about 0.6 of a foot for a width of 48 feet; on grades greater than 
4.0 per cent., the crown can be made 0.4 of a foot in 48 feet width, 
or even less. 

In Duiiith.both brick and stone are recommended for grades up 
to and exceeding 10 per cent. For purposes of comparison, — 
especially of cost, — the suggestions for each are given herewith. 

Brick. 

On grades up to 6 per ce^ni, : 

Best paving brick laid on concrete, probable cost per yard, 
$2.25 to ^2.75. 

On grades exceeding 6 ptr cent, : 

Best paving brick of special form .... laid on a concrete foun- 
dation, probable cost per yard, ^^2.50 to $3.00. 
On grades exceeding 10 per cent. : 

The same form as that for grades exceeding 6 per cent, is sug- 
gested. 

Stone. 

On grades cf 10 per cent, or less : 

Rectangular stone blocks of the usual size and pattern, with sand 
joints, to be laid on a foundation of concrete or broken stone, prob- 
able cost per square yard, ^2.75 to $3.25. 
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On grades ixcte^^ng ro per ce$ti, : 

(i.) Rectangular stone blocks, ranging fit>m 3^ to 4 inches in 

widthf and chamfered on the upper edges The chamfering 

is needed to aflbrd a safe foothold essential for horses to overcome 
very steep grades. Probable cost per yard, if laid on a stone 
foundation, $2.75 to -^3.25. And when laid on concrete, t^JOO to 

(2.) Kidney or cobblestone selected of nearly equal sizes, not 

exceeding three inches in thickness, laid on a concrete foundation 
and set m cement mortar. Probable cost per yard, i>2.ooto $2.50. 

Foundations. 

The foundation is of the first imporlaiice to a pavement, for upon 
it depends entirely the future stability of the roadway. In localities 
where the soil is of such a nature as to furnish a good substantial 
foundation, the first layer of brick mav not be found necessary, 
but, as a general rule, this course cannot be dispensed with, and 
^wiil insure to the pavement a longer life than if it were left o'lt 

A clay soil is not fit for a sub-roadway, owing to the fact that it 
retains water so easily. A foundation in such a case, therefore, 
must be of some material that will allow water to run off to sides 
of road; where it can be collected in drain tile and led to proper 
channels. 

Well-rolled macadam, upon which is spread a layer of sand or 
cinders, will be found to answer as a foundation in many cases; 
as, for instance, where the grade of the street is to be raised. 

Concrete is sometimes used for foundation material, but this is 
mostly in the large cities where the traffic is heavy, it being scarcely 
advisable in places under 25,000 or 30,000 inhabitants on account of 
the increased cost. 

Some authorities advise the filling of joints with hot coal-tar 
cement, claiming that this prevents the water from getting to the 
foundation, and thus causing the pavement to settle in spots, tuially 
destroying it completely. And, again, others claim that, for the 
reascMi that the tar will not allow water to go through, its use is 
therefore to be avoided. Tar is used to a very lumted extent. If a 
good foundation is secured, and ample means of conveying both 
surface and sub-roadway water away, coal-tar or its equivalent 
becomes an unnecessary expense. 

Boards previously immersed in coal tar are used as a founda- 
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tion in the Hale pavement. This method is said to give good re- 
sults, although it will never be universally employed. A very 
great disadvantage of the board method is brought out when it 
becomes necessaiy to tear up a strip of the street for pipe laying, 
the boards must be sawed off and after the bricks are relayed the 
pavement is never apt to be as uniform as when first put down. 

Wear op Paving Brick. 

The tests usually made with brick arc ; i. Crushing strength. 
2. Resistance to abrasion and impact. 3. Absorptive power. 

Cri^^h;ui::; Sfi-tug^Ii. — As a matter of fact the crushing strength 
of brick IS not of much practical value in their selection for paving 
purposes, for the reason that all the bricks made for this use will 
stand any direct compression brought upon them by the passage 
of loads. This will be seen to be the case when it is remembered 
that a good working strength for a paver is 8000 pounds, whereas 
the load per inch of tire is about 700 pounds. 

Resistance to Abrasion. — This test is made by ptitting the bricks, 
with pieces of iron, into a horizontal revolving cylinder. Although 
this does not represent the actual conditions in the street^ still the 
tests gives some sort of an idea of what a brick is able to stand. 
Professor Baker points out in his book on brick pavements that 
the loss due to abrasion decreases as the ed^s of the bricks be- 
come rounded off, and that hence the results obtained during the 
first half hour are of least value. 

To determine the relation between wear and tonnage, the writer 
herewith quotes at some length from Professor Baker's book before 
mentioned, using also additi nal data furnished him by \V. P. 
liuLlcr, City Engineer of I^looiiiington. The matter gi\en here- 
with is from experimental tests made in St. Louis in 1S73. 
official test made in the same year did not prove a *^uccess, due to 
the fact that the bricks were as stnted In- the maker, an experi- 
mental lot incorrectly made and burned, for which reason he ob- 
jected at the time to having any test made. 

I. " The manufacturer of the above brick had others made of 
smaller size and under more favorable circumstances, which were 
non-*officially tested with the same apparatus, at the same place, 
under exactly the same conditions as the official tests above. Thirty- 
five 'hydraulic pressed brick' were placed under one wheel, and 
thirty-one * hand-made pressed brick ' under the other. The cart 
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Relative Resistance cf Brick and Stone to Abrasion* 
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3.3 


3-3 


3-3 


2.5 


1 


0.2 


0.2 



was then moved back and forth, in the same track, until 146,000 
transits had been recorded. This was a tonnage of 146,000 tons 
on2}i inches, which is equivalent to 700,800 tons per foot of width 
— a tonnage equal to thirty-five years of a street carrying a daily 
traffic of 50 tons per foot. The loss was roughly measured and 
pronounced to be about one-eighth of an inch for the * hand-made 
brick ' and one-quarter of an inch for the ' hj^rauHc pressed 
brick.' The experiment was then continued until the cart had 
made 148,692 transits — equivalent to 7 1 3,760 tons per foot of width. 
The wear of the 'hand-made brick' was then 'very carefully 
measured and the average was found to be 0.15 of an inch. Fifty 
per cent, of the brick showed a wear less than 0.12 of an inch, 34 

* From Prof. Baktr's book. 
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per cent, a wear between 0.16 and 0*19 of an inch, and 16 per cent 
from a25 to 0.31 of an inch. Only three were broken.* 

'* The brick were 4 inches deep. Therefore, wearing off a depth 
of 0.15 of an inch from the " hand-made brick '* was equivalent to 
wearing off 375 per cent. Then if 713,760 tons wore away 3.75 
per cent., to wear away i per cent, required 190.000 tons. With 
the • liydraulic pressed brick/ 95,000 tons caused a loss of i per 
cent." 

II. At another time observations were taken on bricks on Second 
Street near Pine and on Pine Street, in St. Louis, Mo. These 
bricks had been in the street two years without requiring any 
repair. 

Those on Second street are laid on loose sand and dirt. The 
bricks were taken up from that part of the street carrying the 
maximum traffic. " Four of those taken up were placed so as to 
give their combined height as worn, and by the side of them were 
placed four never used but of the same size. The difference be- 
tween their respective heights was only half an inch, making only 
one*eighth of an inch wear to each brick. The edges of the bricks 
were broken off by their use and the sudaces rounded just enough, 
it would seem, to make a good foot-hold for the horses." 

Bricks were also taken up between the rails of the street car 
line on Pine street. 

" The old and new were placed side by side as in the former 
case, and no appreeiabU surface wear was found. But the edges 
were broken, making good foot-hold for the horses. Drivers of 
the cars on this track, with the experience of all the .sbasons, being 
consulted, said that no portion of tlie track was so pleasant for the 
horses and safe from slipping as this." 

An official report states: 

*' The average daily tonnage carried over each foot in width of 
our pavements accommodating hcaw traffic may be set down at 

35 tons The injury to pavements by the hoofs of horses is 

estimated at about one-third of that caused by wheels, and, there- 
fore, the total abrading action of the wheels and horses combined 
may be set down as being 35 plus one-third of 35, or say $0 tons 
per day per foot of width of pavement of streets carrying heavy 
traffic." 

** The loss in surface wear during two years was one-eighth of 
an inch — equal to 2.8 per ceift* of the depth of the brick. In this 
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time there had probably passed over the pavement 50 X 365 X 2 
36,500 tons. According to this basis 13,000 tons wore ofT t 
per cent" 

II L From observations on brick taken from the pavement in 
front of a platform scale. Professor Baker writes as follows : 

" The pavement had been down thirty-nine months to a day, 
and in that time 30,734 tons and 54416 horses passed over it, as 
shown from the records of the loads weighed. In other words, 
there passed over the pavement 13.604 loads averaging 1.64 tons, 
and 13,604 loads averaging 0.62 tons. Each load was drawn by 
two horses. Excluding the effect of the horses' feet, the traffic 
was 15,367 tons per foot of wuitJiy 

"An examination of the surface of the bricks showed conclu- 
sively that the only effect of the traflfic had been to wear off the 
corners and edj^es of the bricks. This was checked by comparing 
the depth of the bricks exposed to the traffic with that of those in 
unexposed portions of the pavement. The wear of the brick due 
to the above traffic was estimated, in volume, by Ave indei>endent 
observers, the writer being one, and the agreement was astonish- 
ingly close. The average loss as thus estimated was i.oi per 
cent. Owing to the greater ease with which the square edges of 
the bricks are broken off, it is probable that the greater part of 
this wear occurred during the 6rst part of the time ; but assuming 
that the wear was uniform^ we see that if 15,367 tons wore oiT x.oi 
per cent, then 15,250 tons per foot of width wore off i per cent" 

IV. Mr. Butler has kindly furnished the writer with the amount 
of traffic over the principal streets in Bloomington with the conse- 
quent annual wear. The daily traffic per foot of width is 250 tons 
and the annual wear amounts to one-eighth inch; that is 91,250 
tons causes a wear of 3 per cent., or 30,417 tons wears off i per 
cent. 

Tabulating these results we obtain the following : 



Absorptive Power. — The absorptive power of a brick is deter- 



Sarfiwc Lots. 
I per cent. 



Tons. 
190^000 

95iOco 

13.000 
15.250 

30,417 
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mioed by simply immersing it in water for twenty-four hours or 
longer. The results thus obtained are quite accurate enough for 
all practical purposes. 

If a brick absorbs moisture continually during the rainy season, 
when the cold weather comes» the water freezes and the brick is 
consequently disintegrated. Therefore, in the selection of a paving 
brick, this test for absorption should always be made, and if any 
considerable amount of water is taken in by the brick, it may be 
set down at once as worthless for our purpose* In some localities 
it has been the practice to dip the bricks in creosote to make them 
impervious to water, but this at the best is but a temporary ex- 
pedient and has only been resorted to in cases where the bricks 
were very porous, when they should have been rejected anyway as 
paving bricks. 

Below is a table E^ivinj; a comparison of the amounts of absorp- 
tion of some of our best known bricks. 



'* Comparative Per Cents, of Absorption of Water 







Bricks 


immersed for 


Name. 


Spec. grav. 


3 day*. 


5 days. 


Xsj day*. 


Ottawa, 111., . , . 


. 2-3507 


3.22 


380 


4.12 


London Mills • * 


. a.2314 


342 


3.78 


3.80 


Burlington, Iowa, . 


. 2.298a 


0.90 


1. 10 


I.I7 


GalesbuTg, III., 


. 2.S432 


5.32 


5-S4 


5-545 


Bardolph, III.. 


. 2.0300 


3.37 


344 


345 


Empire, Ohio, . . . 


. 2.1700 


5.00 


5«5 


5.864 


Le Clair, Iowa, . 


. 2.1743 


2.S6 


3.«2 


3.20 


Bloomington, 111., A., 




379 


3.92 


4.06 


Bloumingion, 111^ B., 


. 2.3045 


3.18 


3.19 


3-37 


Bloooitngton, lit., C, 


. 2.2369 


1.87 


2.20 


2,70 


Vlrden,!!!., A., 


. 2.3166 


3.10 


3.12 


3.S2 


Virden, 111., B., , 


. 2.4150 


7.67 


7.96 


8w7i 


Vinfcn, III.. C, 


, 2.3601 


7.1 1 


7.48 


8.70 


H.iyilen bl<jck, 


, 2.2S61 


325 


3-. 38 


3 64 


Common brick, . . 


. I.$2IO 


15.13 


16.06 


16.50 



"All these brick, except the common red brick, come up to the 
standard of having a specific gravity of more than 2.0, and absorb 
less than one>tenth of their weight of water in ten days soaking, 
the Burlington brick absorbing least The amount of water taken 

up varied almost directly with the vitrifaction of the brick ; in 
nearly all of them the burning could have been carried a little 
farther to advantage.*' 

« C. P.Ch«$e in Bng* Nitos, July 26, 1890^ 
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Mr. Chase, in his paper from which the above table is taken, 
makes some very terse remarks on the matter of durability, which 
the writer is pleased to have the opportunity of quoting. He sajrs : 
Paving brick proper have had their reputation .gready injured by 
the use for paving of soft, inferior brick, sometimes tarred or 
creosoted. A good example of this is the brick paving of Nash- 
ville, Tenn. Quite a large amount of pavement was laid with 
creosoted brick ; in a little while they begin to fail, and soon the 
whole country knew it. It was not until lately that the writer 
understood the real cause of the fiiilure. In looking over one of 
last year's numbers of the Engineering Ntivs, an article on the 
failure of this pavement was found which, after noticing the failure, 
ended by saying: 'The brick were the common red brick, creo- 
soted.' No wonder the pavement failed. Common red brick- 
were never intended to resist the shock of heavy carls or blows 
from steel shod horses, and a brick that will take up tar or creosote 
will soon take up moisture ** 

** Unjust comparisons are made between granite or sandstone 
pavements of some of our large cities and brick pavements of the 
West, the persons making the comparisons forgetting that the 
first is usually on a hydraulic concrete foundation, and a brick in* 
variably on broken stone or gravel." 

It is the writer^s opinion that brick as a street paving material 
would answer admirably in any of our large cities provided it had 
a good foundation ; if not for the heavier travelled streets at least 
for those carrying the lighter traffic. 

In 1887 there was a report made public to the effect that brick 
pavement put down in 1885 on FeaH street, Cincinnati, failed. 
The report gave no details. We can only conclude, and fairly 
too, in the light of our present knowledge, that it is highly prob- 
able the bricks were not of the right kind. The Sam/ary Engineer 
of August 20, 1887 (now Engineer in and Building Record) sa>s, 
aptly : ** It would be manifestly unfair to condemn the use of brick 
altogether in consequence of an indefinite report such as this is. 
We are inclined to believe that, under right conditions, there is a 
wide field to be usefully occupied by well made brick pavements.'* 

COMFAKISON OF FORMS OF BkICKS. 

Common Bricks. — This brick offers many advantages over the 
patent bricks which are upon the market, chief among which are : 
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the ease with which they can be manufactured and burned; their 
interchangeability which allows a brick unlit for the upper course 
to be placed in the lower or else sold for building purposes, thus 
lowering the cost of pavement. 

Pattnt Britk, — The distinguishing feature of these bricks is their 
increased size over the common brick, which brings us at once to 
a serious disadvantage, and that is the increase in width at the top 
which adds to the tendency of horses to slip. And further, the 
larger blocks are more difficult to manufacture and to burn. Since 
they arc hij^her they are more af^4o tip and thus give an uneven 
surface to the street One slight advantage offered by an increase 
in liei<^ht is the increased side bearing surface which tends to sup- 
port the load by sinij)Ie tViLiion. This advantage is, however, 
counteracted by the greater disadvantages already mentioned. 

Advantages Offered by Brick as a Paving Material 

1. The material for their manufacture is abundant over a wide 
area in the United States. 

2. When well laid with good brick the pavement is durable. 

3. It IS cheap in its first cost, the price ranging from ^1.00 to 
$1.00 per square 3rard. 

4. It is cheap and easy to relay, due to the regularity of the 
bricks. 

5. It gives a smooth roadway, making it pleasant to ride over 
and reducing the tractive power and wear and tear on vehicles 

almost to a minimum. 

6. The pavement can be easily cleaned and kept cle.iii. 

7. It gives a good foot-hold to horses. The surface of the brick 
is of that character which prevents horses from slipping over it. 
In this fact, and in that of tlie brick being calculated to fit the shoe 
of a horse, we have two of the strongest arguments in favor of the 
brick pavement. 

8. It makes a pavement almost as noiseless as asphalt. 
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THE OPTICAL PYROMETER OF MM. MESURE AND 

NOUELL. 

By JOSEPH STRUTHERS. 

The temperature of a body can be approximately judged by 
the experienced eye unaided, and M. Pouillet has constructed a 
tabic, which has been ij^enerally accepted, giving the colori> and 
their corresponding temperatures. 



Pouillet's Table. 

Ikgnet C Degrees F. 



Incipient red heat corresponds to , . 


. , 5«5 


977 


Dull red heal corresponds to . 


« 700 


1292 


Incipiem cherry«red bt»t comqxrads to . 


800 


1472 


Cheny-^red heal corresponds to 




1653 


Gear cherr)'-red heat corresponds to 


. lOOO 


1832 


Deep orange heat corresponds to . 


. 1100 


2012 


Clear orange lit-at corre'iponds to . . 


. 1200 


2192 


White heat corresponds to .' . 


. ijoo 


2372 


Bright white heat corresponds to , 


. 1400 


aS5« 


DascUng white heat corresponds to . 


. I500-I600 


2732-3913 



The results obtained, however, are unsatisfactory, as much de- 
pends on the susceptibility of the retina of the observer to light 
as wtii as the dugree of illumination under which the observation 
is made. 

The \ ai lalions of color resulting from elevation of temj)erature 
can be sensibly increased, and thus more accurately noted, when 
the middle part of the spectrum (the yellow rays) is eliminated in 
such a manner as to preserve the extreme rays, the relative varia- 
tions of which are greater. This is accomplished by interposing 
a piece of cobalt glass between the eye of the observer and the 
incandescent body. 

The color then observed, in place of changing only from red to 
white, goes froni red to blue, always passing by the white. 

This, however, is but little better than the eye alone. 

A few optical methods can be employed for the estimation, if 
not for the measurement, of high temperatures, and they present a 
particular interest by reason of their simplicity, placing them within 
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the use of furnace men as well as scientists. All the methods 
used arc based on the property which incandescent bodies possess 
of eniittintr, as the temperature is raised, a relative pro])()rtion, 
more or less considerable, of the most refractory rays of the spec- 
trum. Thus, the color which the luminous body emits varies with 
the temperature, and the result of these variations can be rendered 
accurate in various ways, one of which being the rotation of the 
plane of polarization by quartz, and on this principle the pyrome- 
ter of MM. Mesure and Nouell has been constructed. This py- 
rometer consists of two Nicol's prisms (Fig. i). A and called 



' Flo. I. 




the analyzer and polarizer, enclosed in a sectional metallic tube 
(/, 7*. T') one inch in diameter and about five inches in length. 
Between these Nicols is a plate of quartz, Q, cut perpendicularly to 
the plane of its axis, and can be removed by unscrewing the plate 

M, At one end of the tube is a lens, L, and at the other end is a 
removable cap, E, which allows the placing in position of the glass, 
G. There are two glasses used, one perfectly clear and the ijtlier 
h.iving one side ground. The latter is used to tone down the color 
observed through the prisms. At the end G there is a continua- 
tion of the tube about five inches in length, fitted by thread and 
screw and removed when packed in case. Its object is to exclude 
luminous rays from other parts of the furnace than the particular 
part observed. The revolving scale, C, is fastened to the case of 
the analyzer and rotates with it. The support, having the index 
mark, /, upon it, is fastened to the case of the polarizer. When 
this mark is at 0° and 180^ on the scale C (the quartz plate being 
removed) the two prisms are crossed and light is extinguished. 
When the quartz plate is replaced monochromatic light is observed 
in place of the darkness, the color of the light depending on the 

thickness of the quartz plate. 
VOL. XII.— ao 
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In this particular instrument described the color at o° and iSo"* 
is green. 

FIG, a. 




The whole apparatus (Fig. 2) is packed in a leathern case simi- 
lar in appearance to those made for field-glasses, and can be su^ 
pended from the shoulder by a light strap. 

The action of the pyrometer is as follows : The index mark is 
placed at on the scale. The color then observed by ordinary 
daylight is green, with just a tinge of red. By rotation from 
to 90^ the green color at first is intensified, and at 90^ (the line of 
separation between the g^reen and red colors) the color observed at 

is reproduced. This color is the one to be noted in subsequent 
observations and is called the " citron" color or shade. By rota- 
tion beyond 90^ and up to 180° the red color is at first intensified 
and then gradually merges into the green, reproducing the citron 
color at 180°. The action between 180° and 360° is the same as 
just described between 0° and 180°. When luminous bodies arc 
observed the angle of rotation from 0° necessary to produce the 
change of color to the citron shade varies with the temperature, 
and thus in itself serves to measure it. 

The following scale is used, and corresponds to the degrees of 
rotation marked in the graduated circle : 



Angle or RotadoB 








Indicated by 








Degrees of Circle. 




Temp. C. 


Poiiillct's Scale, 


40° corresponds to 


900*>, . 


„ . Chcriy-red. 




(4 








tt 






57* 


« 






62° 






. White. 


660 


M 


1400°, . 


. . . Hright wliite. 


69" 


U 







While much is claimed for its efficiency by the manufacturer, the 
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results obtained are only grossly approximate, inasnuich as the 
passage from green to red is progressive, and the exact shade of 
color to note (the end reaction *'] is only approximate, varying 
with each observer, and even with the same observer it is impos- 
sible to reproduce the exact shade of color observed at graduation. 
At the temperature of 1400^ C. the shade of color undergoes 
almost no change by the rotation of one degree. This would cor- 
respond to 33^° C, which renders its use for^scientific purposes 
of but little value. 

Its special applicability is not so much for ascertaining; exact 
temperatures, but more in the direction of constancy of tempera- 
ture, and is of valuable assistance in running a iLiiuace, the temper- 
ature of which must not vary. Under these circumstances the 
furnace man can become sufficiently expert to regulate the furnace 
temperature quite closely. 

There are over a hundred of these pyrometers in use at various 
works in Europe, particularly in the manufacture of porcelam, 
glass and pottery, and also in some few foundries and gas-works. 

The Keystone Cement Co., of Allentown, Pa., is the only refer- 
ence given for its use in the United States, and from a recent com- 
munication from these works, they are not impressed with its 
utility, having abandoned its use entirely. 



NEW METHOD FOR THE ANALYSIS OF TIN-ORES, 
AND FOR THE SEPARATION OF COPPER AND 

CADMIUM. ' 

By J. S. C WELLS^ PH.a 

Tin-Ore. 

Thb methods for the analysis of tin-ores are so tedious and 
unsatisfactory that I was led» some time ago, to try and discover 
some simpler way of decomposing the ore, that being the chief 
difficulty in all the old methods. 

In my first experiments, fusing the ore with borax was tried, 
and although this was found to effect the desired result, as far as 
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the decomposition of the ore, still it introduced other difficulties 
that caused me to give it up. 

The borax, at the high temperature of the fusion, attacked the 
platinum of the crucible to such an extent that it became necessary 
to separate the platinum from the tin. Boracic acid, as was to be 
expected, acted the same as borax. The idea then occurred to me, 
that the ore might possibly be reduced in the same way as the ar* 
tificial oxide, i.e., by means of nascent hydrogen. On trying the 
experiment, I found that in this way ilie tin containctl \\\ the ore. 
could easily be obtained in the metallic state. My first tests were 
made as follows : About one gramme of the finely pulverized ore 
was placed in a large test-tube with a few pieces of zinc and some 
dilute hydiuchloric acid. The first trials were made on an ore 
from Cornwall, and it was found to be very easily reduced. A 
sample of Durango ore, consisting of nearly pure cassiteritc was 
then tried, but the reduction did not take place as readily as with 
the ore from Cornwall ; the reduction of the latter was nearly com- 
plete at the end of an hour, whilst the former at the end of three 
hours showed little change. I then added a piece of platinum with 
the zinc and acid, and found the result to be very satisfactory, the 
ore being quickly reduced. Heating the test to boiling was also 
found to aid the reaction. The addition of the platinum also 
facilitates very much the subsequent solution of the reduced tin 
in hydrochloric acid, tin alone dissolving but slowly in the acid. 

It is advisable to shake the test frequently during the reaction, 
so as to keep the ore in contact with the zinc and platinum. If this 
is not done, the ore settles to the bottom and the reduction takes 
place very slowly, if at all. 

As soon as the decomj)Osition of the the ore appears to be com- 
plete, the remaining zinc and the reduced tin are dissolved in hy- 
drochloric acid and filtered li om any undecomposcd ore organgue. 
This residue should again be tested in the same way, with fresh 
zinc, platniuni, md hydrochloric acid, to see if all the tin has been 
extracted by the first operation. After the tin has been obtained 
as chloride, it can, of course, be determined by any of the usual 
methods. 

Instead of dissolving in hydrochloric acid, the tin mi<;ht be dis- 
solved in ferric chloride, after removal of the excess of zinc, and 
then determined volumetrically. The metal being in such a finely 
divided state would be very easily soluble in this reagent. 
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Separation of Copper and Cadmium. 

I find thai cupper and cadiniuin can be easily separated by the 
following method : 

To the neutral solution, cuntaining these metals (ammonia salts 
must not be present 1 a ii! sodium thiosulphate (hyposulphite) until 
the solution becomes colorless, then add sodium carbonate, and 
the cadmium will be precipitated as carbonate (white); filter, and 
to the filtrate add HCi, and boil, and the copper will be precipitated 
as sulphide. To use this method in the ordinaiy course of anals^is, 
the solution, after removal of the bismuth, would have to be evap- 
orated to dryness and ignited so as to remove all ammonia salts. 



PROPERTIES OF PRECIPITATES, ETC 

By E. waller, Pu.D. 
(Condaded from p. a4&) 

H^TiO^ or Titanic Acid. 

Rem, — Two forms, one tolerably easily soluble in acids, the 
other insoluble, except in very strong acids or by fusion, are 
known to exist. The " insoluble " form is obtained by boiling the 
solution acid with sulphuric. The small amounts of phosphoric 
acid present in iron ores and other minerals interfere somewhat 
with the complete separation on boiling. 

Cand. — Dilute solution containing but little free H^SO^. HCI 
and chlorides should be absent. Long boiling is necessary, the 
bulk of the solution being maintained. Fe, if present, should be 
m the Icrrous form. HC^HgOj favors the precipitation. Tlic bc^l 
conditions for the separation of titanic acid are boiling an acetic 
acid solution reduced by SO,. 

SoL — The soluble form is attacked by the same solvents as 
Fe/OH)j. The *' insoluble " form is slowly "Soluble in hot con- 
centrated HCI or HjSO,, or by fusion with KUSC)^. 

Contam. — Fe^O,, AljOj, SiO, and PjOj. Some iron ine\ itably 
is converted to Fe^O^, and separates with the precipitate. By re- 
solution, reducing and re-precipitation, almost all can be removed* 
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AlgOjis prevented from contaminating the precipitate by the larger 
proportion of free acid. SiO.. may be expelled after igjnition by 
treating with HFl (or NH.Fl) and H^O*. PA by fusion, for 
some little time» with Na|CO«» and washing with dilute Na,CO« 
solution, which leaves behind Na^TiOa, soluble in acids. 

lgn> — Converted to TtO^ Retains some SO^; removable by 
adding a few pieces of solid ammonium carbonate and re-igniting. 
Volatilized by ignition with HFI, alone or with an insufficient 
amount of H^0«. 

{xNafi ^TiO^Na^TiO^ Sodium titanate. 

Rem. — Usually obtained by fusing material containing TiO, and 
PA for some tirne^ to convert them Into sodium salts, and then 
to separate them by lixlviation. Chiefly of service as a step in 
the determination of phosphorus in titaniferous ores. 

Cand, — Long fusion at a fairly high temperature is necessary. 
A repetition of the fusion of the portion insoluble in water, with a 
fresh lot of sodium carbonate, is at least necessary in order to 
prove the efficiency of the first fusion. 

Std, — Dissolved by acids ; to some extent by water alone. In- 
soluble in solution of NayCO,. The washing (leaching) of the in- 
soluble portion should be continued until the washings begin to 
run cloudy. 

Contam. — As usual!}' applied to iron ores or precipitates from 
solutions thereof, the insoluble residue may contain besides sodium 
titanate, Fe^O^ acid sodium silicates, alkaline earth carbonates, etc. 

2ZnC0i,iZft[0H)^, Basic Zinc Carbonate, 

Rem. — ^Usual precipitant, Na^CO,. Flocculent at first, becoming 
more granular by boiling. 

Cond, — Solution should not contain caustic or bicarbonated 
alkalies or any ammonia salts. If CO, is evolved by addition of 
the reagent, it must be boiled out. Only fixed alkalies besides the 
zinc should be present. 

Sol. — Dissolved by dilute acids, 'ixed caustic alkalies, bicar- 
bonates and ammonia salts; also by organic solutions. A very 
large excess of fixed alkahiic chlorides hinders or partially }}rc voiits 
the precipitation. Insoluble in water and small amounts of hxed 
alkaline carbonates. 
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Cantam, — Alkaline carbonate, necessitating several washings by 
decantation with boiling water to remove it Fe^Os, — AljOs, — 
SiOj. By dissolving the precipitate in HCl after ignition, A\fi^ 
and SiOs are left Insoluble; on precipitating the solution with 
ammonia, redissolving and reprecipitating two or three times* 
Fe^OH)g is separated. These impurities may then be ignited, 
weiglicd and deducted. 

Ig^n. — Converted to ZnO, which in itself is not volatile. In con- 
tact with C or reducing substances, metaUic zinc which is volatile 
may be formed. 

Kim. — Usual precipitant, NaNH^NPO,. Some prefer Na^HPO 
in presence of ammonium sahs. The best method of procedure 
is to add the alkaline phosphate to the acid solution and then 
to neutralize the hot solution by adding ammonia, little by little, 
finally to heat, immersing the beaker in a boiling water bath, 
until free NH| is expelled and the precipitate is crystalline. The 
solution containing the precipitate cannot be boiled without bump* 
ing vigorously. The precipitate can be dried at 100^ and weighed 
as ZnNHtPOA or ignited and weighed as Zn,P,0,. 

Cand. — Oxalates should be absent. Large excess of ammo- 
nium chloride or acetate should be particularly avoided. Prac- 
tically, the solution should only contain alkalies besides the zinc. 

S^.^Dissolved by acids, excess of ammonia, ammonium oxa- 
late chloride or acetate, especially if hot. The solvent effect of 
the chloride and some other ammonium salts is to a very great 
extent diminished by the use of an excess of alkaline phosphate 
(about three times as much as is required to afford the compound). 

Ign. — If heated up too rapidly, some loss may be experienced. 
Tn contact with C, a partial reduction to metal and consequent loss 
may occur. The precipitate should be carefully separated from 
the filter paper and the same burned separately, or it may be 
dissolved by means of dilute nitric acid into a weighed capsule and 
the solution evaporated and finally jgnited. 

After ignition the precipitate is usually opaque, white, some- 
what sintered together ; sometimes, without apparent reason, it 
fuses to a glass. 

ZnS.Hfi, 

Rem* — ^Usual precipitant, HjS in neutral solution, or one acid 
with some organic acid (acetic, citric, formic, etc.). Precipitation 
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can be eflfected (though slowly) in H^SOi solution ; the Smaller the 
proportion of free H^SO^, the more complete the separation. 
NH^CI favors its separation in a granular form, and checks a 
tendency to run through the filter paper, which it sometimes ex- 
hibits, especially when the solution contains free ammonia. Oxi- 
dizes slowly on exposure to the air. 

Cond. — Solution should be alkaline or acid only with some of 
the weaker organic acids. Free mineral acids prevent the pre- 
cipitation to a y;rcater or less extent. HgSO^ has the least efTect, 
HCl the L^reatest. Boiling; t icilitates the formation of the precipi- 
tate, but increases the solvent power of acids upon it. Fe should 
be absent. 

Sot. — Dissolved by dilute HCl and HNO, or by moderately 
strong H,SC>« when hot. Insoluble in alkalies, neutral solutions 
and in organic acids though the latter, when in excess, retard 
somewhat its formation. Free ammonia has a similar effect, 

Contam, — MnS or Ni.Co and Fe sulphides. Fe should be sepa- 
rated previously. From the others it may be freed by re-solution, 
neutralizing and reprectpitating. 

zMnCOnffiO. 

Rem, — NajCOs usual precipitant. When precipitated cold, white 
and fiocculent — by boiling becomes granular and assumes a light 
brownish shade, probably from oxidation. 

Otk/.— Solution should not contain bicarbonates or ammonia 
salts. If CO| is evolved by the addition of the precipitant to an 
acid solution, it must be boiled out. Solution must be rendered 
alkaline by the reagent. 

Sai, — Dissolved by dilute acids, bicarbonates, ammonia salts and 
solutions containing citrates, tartrates, sugar, etc. Also by solu- 
tions containing large amounts of fixed alkaline salts. 

Cantam. — ^Alkaline carbonate requiring several washings (by de> 
cantation) with boilinp^ water to remove it. Fe^O,. — removed by 
repeated solution in llCl and reprccipitation with ammonia alter 
igniting the precipitate. 

SiO, by dissolving the ignited precipitate in acid and filtering 
off. 

li^ri. — In contact with air gives black MnjO, non-volatile. Re- 
cent investigations tend to show that the composition is not abso- 
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lutely constant. If alkali has not been washed out, ignition in 
contact with the air affords alkaline manganate. 

Rem, — ^Usual precipitant, NaNH«HPO« or Na^HPO^ in presence 
of ammonium salts. Best managed by ac|ding the reagent to the 
acid solution of Mn, boiling and then adding ammonia little by little 
to the boiling solution, until a slight excess is present, then heat- 
ing on the water-bath until the precipitate assumes compUuly the 
crystalline form. 

Cond, — ^The Mn must be entirely in manganous form, and solu- 
tion alkaline, though not strongly so. An excess of phosphate 
(about ihrtre times as much as is required to form the coiiibitKition) 
must be present. Oxalates siioiild be absent, as well as excessive 
amounts of ammonia salts or free ammonia. 

Sot. — Dissolved by acids. Somewhat soluble in decided excess 
of ammonia, in NH^Cl and some other anmionium salts. The 
solubility in these last is neutralized by the presence of an excess 
of the precipitant. When too large proportion of ammonia is 
present, the precipitate, which should be white or faintly pinkish, 
becomes deeper in color, sometimes quite brown. 

C4Mr/am.^Practically none if bases forming insoluble phos- 
phates are absent and moderate care is used in washing. 

Ign, — Converted to Mn^PsOy The temperature should not be 
too rapidly raised or there may be some loss. The peculiar nacreous 
lustre of the precipitate is more pronounced after ignition. Sinters 
somewhat Not volatile. 

MnO^ MnOtHfi, MnO^Hfi, etc.). 

Rem. — For separation in two separate cases, t. From acetate 
solution by addition of an oxidizing agent, usually Br. 2. From 
a boiling solution in nitric acid, by addition of crystals of KCtO,. 
Also (3) obtained in titration by the Volhard method — adding 
standard (volumetric) solution of KjMnjOpto a solution neutralized 
by ZnO. In all cases the precipitate probably contains some 
water of constitution ( hydrated oxide). 

Copid. — Absence of IICI or other halogen acids, l(^wer oxides of 
nitrogen or reducing agents. In Case l a fair proportion of alka- 
line arefate must be present, to suppl\' base to the mineral acid 
which might otherwise be set free. Boiling solution necessary. 
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5<»/.—- Dissolved or prevented from forming by dilute mineial 
acids, particularly HCI. Insoluble in moderately strong acetic or 
•in concentrated oitric. When formed it is soluble in strong HCI, 
forming temporarily an olive*green solution of Mn^Qg, which be- 
comes practically colorless MnCl) by heating. Readily dissolved 
by HCI or HjSO* in presence of reducing aj^ents (SOj, H^QOo 
FeSO,, etc.). 

Commn. — Salts of fixed alkalies, FcjO,. ZnO. 

Ni {Electrolytic). 

Rem. — Requires a stronger current than Cii — two or three Run- 
sen cells (i2 to 14 c.c. oxyhydro^en '^as per minute). The rapid 
deposition of the metal is somewhat checked as soon as a coating 
of nickel has formed, tendinj^ to be slower, the thicker the coating. 
This peculiarity is most marked in cold solutions. In preparing 
for weighing it is treated as electrolyzed Cu, by washing with 
water, then with alcohol, and drying at a gentle heat. 

Cond. — ^Solution should contain no other metals of the (NH,)^ 
or HjS groups. Chlorides should be preferably absent. The so- 
lution should contain the nickel as double ammonium nitrate, 
sulphate or oxalate (the latter most advantageous) and excess of 
ammonia. The operation is more rapid at 70*^ C. In conse* 
quence« ammonia requires to be added from time to time. 

Sol, — Dissolves readily in HNO,, especially with the aid of heat. 
Slowly soluble in strong solution of (NH^ijCsO^. 

CoMtam, — Co, Fe and Zn, being precipitated from oxalate solu- 
tion under the same or similar conditions* may be present in the 
coat unless previously separated. 

Ni(OH\ and NilOH)^ 

Rem. — Usual precipitant, KOH or NaOH. If the solution con- 
tains free halof^ens, or hypochlorites, hypobromites, etc.. Ni/OH)^ 
maybe [jrccipil.Ucd black. The most marked characteristic of the 
precipitate is the persistency with which it takes up and retains 
impurities derived from the solution. 

Cond. — No bases other than fixed alkalies should be present. 

Sol. — Dissolved readily by mineral acids. Soluble or prevented 
from precipitation by NH« salts and tartrates, citrates, etc., or other 
organic solutions. 

Contam, — Alkali used as the precipitant, FegO,, Al^Oi and silica 
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from the reagents. The precipitate requires thorough washing by 
decantation with boihng water. After ignition and weighing, it 
should be dissolved in HCl, which leaves SiO, and Al^Oi. From 
this solution the iron should be precipitated by ammonia, filtered, 
redissolved and reprecipitated again, and these impurities ignited, 
weighed and the weight deducted. 

Ign, — ^If only moderately, some NisO, is contained in the pre- 
cipitate. If strongly ignited, it all becomes green NiO. The tint 
is not a pure green like that of ignited Cr|0,, but lighter and some- 
what muddy. 

NiS.H^O. 

Rem, — For separation only. Usual precipitant H^S in weak 
acetic solution, or (NH«)|S followed by acetic acid in excess. Oxi- 
dizes easily in contact with the air, with partial formation of NiSO«. 
Should be washed by and ke(«t in contact with water during 
manipulation. 

Cond, — Absence of other members of (NH4)jS or HjS group. 
NH4CI in the solution assists materially its separation in the 
ffranular form. Free ammonia, on the other hand, tends to keep 
the precipitate suspended in the liquid. The solution should be 

only slightly acicl with accuc acid ur else barcl\- alkaline. 

Soi. — Formation <>{ tiie precipitate i^rexentcd by moderate 
amounts of free acetic acid or mineral acids. When once formed, 
it is insoluble in these menstrua unless oxidized by exposure to 
air, which may easily occur. Somewhat soluble in (NH^X^S. To 
meet these peculiarities of the compound, the solution should be 
rendered alkaline with ammonia, and H,S passed in, or (NHj)^ 
added, and when the precipitate is fully formed, the solution is 
acidified with acetic acid, and the precipitate allowed to settle 
(which occurs readily if NFifCl is present). Soluble in hot 
HNOs or in aqua regia. Soluble in KCy. 

Couiam, — ^Sulphides of (NH4)sS group, if not previously sepa- 
rated. 

Ign, — Gives mixture of oxide and sulphate. 

Rem. — Usual precipitant, KNO^ in a solution slightly acid with 
acetic. Yellow crystalline precipitate, forming best in a warm 
solution. 
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Couii. — Si>luti()n should contain only Co, Ni and K *?a!ts. It 
should be a nearly saturated solution of KC,H,Ojt, containing but 
little free acetic acid. 

Sol. — Dissolved by HjO, acids, NH^ salts. NaCl and most other 
Na salts. Insoluble in KCjHjOj and other K salts. Insoluble in 
dilute acetic, and in alcohol. The precipitate should be first 
washed with a lO per cent solution of KC^HtOt. and the latter salt 
finally removed by washing with alcohol. 

Contam. — If Ca or other alkaline earths are present, a yellow 
NiCa nitrite, similar in properties (solubility, etc.) to the Co com- 
pound will separate. Pb also gives a similar compound. Care in 
washing oflf K salts is necessary. 

Ign. — By addition of H^SOt and ignition, the precipitate is con- 
verted to sK^SOi -f 2C0SO4. One method of management consists 
in dissolving the washed precipitate through the filter with a little 
hot dilute H^Of into a weighed capsule, evaporating and igniting. 
Some KHSO4 may remain after ignition ; removed by addition of 
a small lump of solid ammonium carbonate and igniting. 

CoSMfi. 

Rem, — ^For separation only. Properties essentially the same 
as those of NiS-H^O. Precipitant, HjS in weak acetic solution 
or (NHJ2S. Oxidizes readily in the air when moist, some sul- 
phate being formed. Should be kept in contact with H,S water 

durin;^^ filtration. 

Cofid. — Absence of other members of (^XI I.^S or H^S group. 
NH.Cl assists the separation. Unlike NiS.H.O, frcr NHpH 
does not materially influence the separation. Solution should be 
preferably slightly acid with acetic before filtration («'///. NiS-HjO). 

Sol. — Formation of the precipitate prevented by moderate 
amounts of free acetic or mineral acids. When once formed, 
however, it is insoluble in these menstrua. Of the ordinary 
mineral acids, HCl has the strongest preventive eficct, HjSO, the 
least ; but a very small amount of free H^SO^ retards the separa- 
tion markedly. Soluble in hot HNO, orinaqua regia; also in 
KCy. 

Coniam, — ^Usually accompanied by Ni or other members of the 
group if not previously separated. 
fgn. — Affords mixture of oxide (C0|0«) and sulphate. 
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Rem. — Obtained by electrolytic deposition on platinum from 
acid solution. Free HNOj gives a bright coating. Too strong a 
current cjives a spongy, itiiperfectly adliercnt coat. 

Cofi(i. — Sulphuric acid solution preferable, with or without a 
few drops of nitric acid. Nut over 8 per cent, of free acid should 
be present. Chlorides disadvantageous. Organic acids (as citric, 
etc.) should not be present, since they afford a brittle deposit con- 
tainiuL^ organic elements. 

SoL — Easily soluble in HNO,. When that acid is present at 
the end of the operation, flood out the dish with water before 
breaking the current. Deposit dissolved or prevented from form- 
ing by CI, lower oxides of nitrc^en or too strong acid. 

Gmtam. — If free HNOg is absent, As, Sb or Bi may occur in 
the deposit, rendering it blackish. A black coloration is, how- 
ever, sometimes due to other causes. If free HNO3 is present, Zn 
if present, begins to deposit (imperfectly) as soon as all the Cu is 
precipitated. Pb and Mn may separate from the solution on the 
other pole, as PbO, or MnOj, and in case a dish is< used these 
oxides may fall to the bottom and be caught in the deposit. 
SnOsCxHjO ) may also separate from the solution and be caught in 
the deposit in the same way. 

Ign. — Easily oxidized by heating in air or oxygen. After de- 
{)osition and washing with water, the water should be rinsed off 
with alcohol, the alcohol drained ofT and the dish dried at a tem- 
perature which can be borne by the hand, not higher. 

CuO or iCuOMfi. 

Rem. — ^Usual precipitant, KOH or NaOH in a boiling solution 
or one subsequently boiled. Na^COs or K^COa may also be used 
in the same manner. The precipitate, at first the light bluish 
hydrate or basic carbonate, becomes black on boiling from elimina- 
tion of H,0. 

Cf>nd, — Alkaline solution, not containing bases, the hydrates of 
which are more or less insulublc. NHt salts and organic substances 
should be absent. 

Sol. — Dissolved by acids, also by NH^ salts and organic solu- 
tions, as citrates, etc. Precipitation prevented by alkaline bicar- 
bonates, especially by KHCOa* 
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Contam,~—Ch\cfiy the alkali of the precipitant, which is washed 
out with great difficulty. Some SiOj dissolved by the reagent from 
the bottle in which it was kept, or otherwise introduced, may also 
be present. Left behind on dissolving in acid the ignited and 
weighed precipitate. 

/jf ir.^Obtatned as black CuO. Some reduction to the metallic 
form by contact of C may occur, but as the metal is not volatile it 
is readily restored by ignition with a few drops of HNO,. The 
use of platinum where reducing substances may be mingled with 
the precipitate is inexpedient Precipitate quite hygroscopic after 
ignition. 

CuS. 

Rem, — Usually for separation. When for determination, treated 
as suggested under " Igny for production of CujS. Has ordinarily 
a brown to black color, but when precipitated along with sulphur, 
has an orange-red color. 

Cond„ — ^Acid solution usually used, though not indispensable. 
Precipitation can be effected promptly in presence of moderately 
strong H1SO4, or of HCl if not too strong or hot If HNO| is 
present, the solution must be dilute and cold. 

S0/.^-Sotuble in hot dilute HNO, and in HCl when hot and 
moderately strong. Somewhat soluble in (NH4)|S, especially if 
polysulphides are present. Insoluble in HCl or H1SO4, or in 
NaHS or KHS, unless polysulphides are present. 

Ign, — Partly reduced to Cu with C. Converted to CujS by 
mixing with sulphur and igniting in a current of hydrogen (in a 
Rose crucible). 

PdSO,. 

Rem, — Usual precipitant, HsSO^. By digestion with alkaline 
carbonates or bicarbonates, it is converted to PbCO^. 

O^.^SoIution should be acid with H^SO^ and contain litde or 
no free HNOg or HCl. The larger the proportion of these acids 
and the warmer the solution, the more H^O^ required. N H4 salts 
and salts of organic acids should not be present. Also, any large 
proportion of chlorides. 

Soi, — Readily soluble in concentrated mineral acids, H^SOa as 
well as the others, but less soluble in dilute H3SO4 than in pure 
water. Soluble in Na2S203, in caustic alkaline solutions, and in 
« ammonia salts, notably those of organic acids especially when free 
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ammonia is present. NH4C,H,02 and (NH4),C«Hf07 may be used 
for this purposed To obtain PbSO* for ignition and weighing, the 
usual procedure is to wash off all other substances with very 
dilute H2SO4 and then to remove the latter before drying by wash- 
ing with alcohol. 

Contam, — If all other sulphates (than PbSOJ have not been re- 
moved by washing with dilute HtS04 as just described, the pre- 
cipitate may be contaminated with sulphates, roost of which are 
insoluble in alcohol. 

Ign. — ^Unchanged by a moderate heat. At temperatures usually 
higher than are ordinarily obtained with a Bunsen burner, the com- 
pound may fuse, bat without volatilization. 

With C partially or entirely reduced to Pb, PbS, etc., which 
are volfilc. Tlie precipitate should be separated from the filter 
paj ici , which should be .scparatcl)' incinerated (in the cover of the 
ponclain crucible) with the aid of a few drops of concentrated 
HNO and H„SO«, the ai.hes and precipitate united and the whole 
ignited before weighing. 

PbCrO^ 

Rem, — Usual precipitant, KjCrjOy in solution acid with acetic. 

Cond. — Bi, Ba, K<g and Fe should not be present. Solution 
should not contain chlorides or lar^'amounts oi alkaline salts, and 
should be acid with no stronger acid tiian acetic. Alkaline citrates, 
tartrates, etc., should be absent. 

Sol. — Dissolved by moderately strong mineral acids and by 
caustic alkalies. HCl reduces the chromium partially or entirely 
to Cr2ClQ. more readily in the presence of acetic acid, alcohol or 
other carbon compounds. Soluble in hot moderately concentrated 
solutions of (NH4)CjHjOj. Insoluble in very dilute HNO,. 

CotUam. — Possibly Ba, Bi or Hg, chromates, etc. if much Fc 
is present, the precipitate is likely to contain that element, proba- 
bly as Fe2(Cr04)|. 

Ign. — Alone fuses and parts with some oxygen. With C it is 
more easily decomposed, some metal being reduced. On account 
of these properties the precipitate is usually dried on a weighed 
filter for estimation. The Gooch fitter in which, if paper is used, 
it need be only about the size of a five cent piece, is especially 
advantageous for this purpose. 
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PbS. 

Rem. — Usual precipitant H^. Partially decomposfd by drying 
at 1 00° C. Used for separation. 

Cond, — ^Solution may be slightly acid, neutral or alkaline. HCI 
interferes most with complete separation, HNO3 less, and HaSO^ 
least. If the solution is acid with any large proportion of these» 
the precipitation is best eflected in the cold. 

Sol* — Dissolved by dilute boiling HNO,. though that solvent 
almost invariably aflbrds some PbSO«. Of concentrated acids hot 
HCI is the best solvent, since with either HNO, or I I^SO^. some 
PbSO( will form in such a way as to protect a portion of the 
sulphide. Soluble in N-uS^Oj. 

Jgn. — Volatilized. Easily reduced to metal by ignition with C. 

AgCl. 

Rem. — For determination of Ag, usual precipitant, HCI. For 
determination of Cl» usual precipitant, AgNO« Separates most 
readily in presence of an excess of silver salts. Partially decom- 
posed by heating with strong HNO, or H|SO«. Darkens in strong 
daylight, more quickly in sunlight, but may become very dark 
without material loss of weight. 

Cond.'^hxAA solution, absence of any notable quantities of alka- 
line chlorides or other alkaline salts. 

—Partially dissolved by moderately .stron<4 and hot HCI or 
HNC),. Somewhat soluble in alkaline and .ilkal me earth chlorides 
and nitrates. Readily soluble in NH/^H. in KCyand in NajS,Oj. 
In the latter, less readily if the substance has been changed by light. 

Ign. — I' uses at a low temperature (dull red) and volatilizes at a 
little higher temperature. Easily reduced to meta! by strong heat^ 
especially when mixed with NajCO, or C. On burning the filter 
paper (which should be separated from the precipitate), the ash 
should be treated with HNO, to obtain AgNO,, then a drop or 
two of HCI is added to restore AgCl, and the whole after diying 
cautiously heated to incipient fusion. 

Rem. — Usuaii) pi ccipiuited by I I..S in HCI acid solution. From 
the solution uf arsenic sulphides in alkaline polysulphide, the ad- 
dition of acid separates As^b^. As^S, requires very thorough dry- 
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tng before weighing, the last portions of water being driven out 
with difficulty. 

Cottd, — Solution acid, with some mineral acid (MCI preferable). 
As should be in triad form. If in pentad form, it is slow to reduce 
and precipitate (As^, + Sj) by prolonged action of H,S and warm- 
ing. 

Sol. — Dissolved by alkaline solutions (hydrates, carbonates or 
sulphides), also by aqua rcgia, fiimiriL; nitric acid, water solutions 
of chl«)rine, bromine, etc. In a neutral solution, scarcely any pre- 
cipitation occurs. Insoluble in strong HCl, even on boiling. 
Practically insoluble in HjSOi. Dissolved by KHSO^. 

I^n, — Readily volatilized without change of composition. 

MgNH^sO^ 

Rcui. — Usual precipitant MgCU in ammonia solution containing 
alcohol. Precipitate white, crystalline closely resembling MgNH4 
PO,. 

Cond. — Solution alkaline with amuKmia, containing a minimum 
amount of NH4CI, and 25 to 30 per cent, of alcohol. No sulphates 
or other compounds, partially or entirely insoluble in alcohol of 
this strength, should be present. The As must be in pentad form 
(a condition realized in solutions containing alkaline polysulphides). 

— Dissolved by acids, or on application of heat. Somewhat 
soluble in water and in NH4CI, an effect partly neutralized by 
presence of ammonia and alcohol, in which it is insoluble. 

Ccntam. — Basic Mg salts, sulphates and other salts partially or 
entirely insoluble in diluted alcohol. 

Ign. — Partially volatilized if heated up quickly. By slow heat- 
ing it is dried and finally altered to Mg^SjO^ which is non-volatile. 
With C partly volatile. A convenient method of management 
consists in dissolving the washed precipitate through the filter by 
dilute l INlJ^ into a weighed capsule, evaporating, igniting slowly 
and finally intensely. 

Sh^^ 

Rem. — Usually precipitated by in acid solution, or by acid- 
ifying solutions of sulphantimonite. 

On drying, the precipitate does not surrender all HjO until the 
temperature is raised to 200^ C, when it becomes black. This 

VOL. XII. — 31 
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degree of heat is liable to char the paper when dried on a weighed 
filter. 

By the action of oxidizing agents (Br, HNO,, HgO, etc.,) it is 
converted to SbjOi. 

Cond. — ^Solution slightly acid and moderately dilute. An excess 
of causes a more rapid separation of the precipitate. If too 
acid or too concentrated the precipitation may be imperfect. 

Precipitate dissolved or prevented from forming by mod- 
erately concentrated acids, especially HCl. HsSO^ has much less 
eifect. The preventive effect is increased with the temperature. 
Tartaric acid in the solution assists precipitation. 

Dissolved by fixed alkalies or alkaline sulphides. 

Scarcely soluble in ammonium carbonate or KHSO,. 

Somewhat soluble in HjCjOf, but insoluble in it if boiled in 
presence of an excess of H,S. (Separation from tin.) 

Contam. — ^S usually accompanies the precipitate. To remove 
this the water is first displaced by alcohol, and the S dissolved out 
by CSj. 

^//.— Partially or entirely volatilized by ignition alone, or with 
reducing agents. Mixed with 30 to 50 times its weight of HgO 
and ignited, it is cons ertcd to Sb.Oi, which is stable at the ordinary 
temperature of ignition. Frequently, however, it is converted to 
Sb^Oi by Br or HNOg before ignition. 

^»o-^"fl^.5 or sif^tSnO^. 
Kafi. — The above is called the ** insoluble " form of h) drated 
stannic oxide, because not readily soluble. It is usually obtained 
by boiling slightl\- acid (UNO., or H.^SO,'^ solutions containing the 
soluble form in partial suspen'^ion, or by boiling weakly acid solu- 
tions (of tannic ctunpounds) containing neutral alkaline salts 
(NHjNOj, NaNO,, Na^04, etc.). The presence of acetates assists 
the separation. 

Cond. — HCl or chlorides should be small in amount, preferably 
entirely absent. Solution should be acid, tolerably dilute, and 
boiled for some time. 

Sol. — The "soluble" form (obtained by neutralizing stannic 
solutions with caustic or carbonated fixed alkalies) is readily 
soluble in excess of the alkali or in acids. The insoluble " form 
is only soluble with difficulty in HCl, or in caustic alkali, and 
practically insoluble in dilute HNOt or H|SO«. 
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Contain. — As and Sb oxides, which should have been removed 
previously. In analyses of bronzes, etc, CuO removed by long 
diL:f stion with dilute HNO,» SiOj, removable by trentment with 
HFi and H2SO4. Fe^O,, removed by fusion with NaOH or NajCO, 
and after further treatment by well-known methods, separating the 
Fe^OM which is weighed and deducted. This operation is usually 
performed upon a wHghid portion of the precipitate. 

.^.—Requires intense heating to remove all H^O. Not easily 
reduced to (volatile) Sn by C, though such reduction is possible, 
on igniting the precipitate. Volatilized as chloride by ignition 
with NH4CI. Otherwise not volatile at high temperatures. 

Rem. — Usually precipitated by H.S in acid solution, or by acidi- 
fying solutions of alkaline sulpho-stannate. Obtained for purposes 
of separation, or for determination as SnO, after oxidizing. Dis- 
position to run through the filter checked by alkaline acetates or 
nitrates, etc. 

Cond, — Solution slightly acid, moderate!} dilute. Precipitation 
promoted, by acetates, interfered with by alkaline oxalates or oxalic 
acid. 

S^/.— Moderately concentrated acids, especially HCl, dissolve or 
prevent precipitation. The influence is more marked the more 
concentrated the acid, or the higher the temperature. Soluble in 
a boiling solution containing free H^CtO^. (Separation from Sb.) 

Ign, — If rapidly and strongly heated, some SnS^ may be vola* 
tilized. By moderate heating with access of air, SnOj forms with- 
out loss. It is, however, usual to assist the oxidation with a few 
drops of HNOg added from time to time. 

Animovium Iliosphovwlybdate, \2MoO^{NH i\FO^-^ . 

Rnri. — Yellow finely cr)'stalline precipitate. Precipitant (NH4)j- 
M0O4 in HNO3 solution. The ratio of MoO, to P^O, in the pre- 
cipitate varies according to the proportion of substances present 
in the solution (NH4NO3, Fe3(NOa)s, etc.), the proportion of free 
acid, the kind of acid, the length of time elapsing before filtering, 
and the temperature at which it is effected. With the same or 
closely similar conditions, the ratio of M0O3 to P^O, is essentially 
the same. Precipitation promoted by agitation. When precipita- 
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tion is complete, the precipitate settles rapidly after stirring. Pre- 
cipitated under the conditions described by Emmerton (volumetric 
determination of P in irons), the ratio of MoO, to PjO^ is 24 to i. 

Cond. — Solution should be acid with HNO,. Too much free 
HNO3 retards or may prevent complete precipitation ; too little 
allows FesO, to come down with it, in which case the color is more 
orange. An excess of the precipitant should be present ; also at 
least 10 gms. of NH«NOa for every 0.I gm« or less of P present 
Temperature should be 70 to 85^ C. Below 70^ the separation 
is very slow, whereas on boiling (other conditions being right) 
MoO, or Fe203 may accompany the precipitate. Reducing agents, 
organic acids, silica, chlorides and HCI should be absent. H^SO^ 
and sulphates retard precipitation. If the precipitate is to be dis- 
solved for volumetric estimation, in a solution of material contain- 
ing but little iron, some iron should be added to give correct re- 
sults, or the standard should be obtained wiih material of the same 
chai actL r. 

Sol. — Readily dissolved by NH4OH and other alkalies; also by 
alkaline phosphates. If the ammonia is too strong, however, the 
solution will be turbid with (NH4),Mo04. Dissolved or decom- 
posed by water alone, the more readily, the higher the temp<ira- 
ture. Precipitation prevented by tartaric acid or organic sub- 
stances of that class. Somewhat soluble in HCI, or moderately 
strong H2SO4 and HNO3. Insoluble in weakly acid solutions and 
acid solutions of NH4 salts. Solution for washing should contain 
I per cent HNO| and 10 per cent. NH4NOS, or a corresponding 
amount of and (NH4),SO«. 

Contam, — ^Arsenlo-molybdate, silica, F^O*, TiO^ 
Arsenio-molybdate precipitates the less readily the lower the 
temperature. By allowing the solution to stand for about two 
days at 40° the phospho-molybdate may be precipitated free 
from arsenic. When present, however. As is separated either 
before or after. 

Silica, either as hydrated SiOj or as silico-molybdate (the exist- 
ence of which is disputed), may be present. By allowing the am- 
monia solution to stand for some time after addition of NH^Cl.the 
flocculent silica separates and may be filtered ofT. 

FcoO;, in the precipitate often causes it to separate in crus(s on 
the sides of the beaker. On attempting; to dissolve in ammonia, 
yellow .to red Fe|(OH)g mixed with Fe|(PO)| remains undissolved. 
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After washing with ammonia, this residue is dissolved in HNOi, 
the solutions united and reprecipitation effected, after acidifying 
with HNO,. 

Hydrated TiO, (which retains Vfi^ can be separated b}' fusing 
the portion insoluble in ammonia for some time with NajCO, {znd. 
NajTiO,), leaching with water, and in the water solution repre- 
cipitating wilii tlie molybdaLe reagent. 

Silica. 

Rt m. and Loud. — On adding an excess of mineral acid to a solu- 
tion containing a silicate, free silicic acid containing indefinite 
amounts of water is formed, partially or entirely soluble. C)n 
evaporation HjO (of constitution) is removed and insoluble SiOj 
is separated, which may be filtered off afler digestion with diluted 
acid. HCl is the acid most fi-equently used. When HNO, is 
used, regard must be had to the fact that certain nitrates (Fe2(X0,)«. 
etc.) are decomposed at the temperature usually employed to drive 
out the last portions of the water (no to 130*^ C), and are not 
readily re-formed by digestion with diluted HNOt> '^^^ 
usually maintained until there is no perceptible odor of acid. With 
H|SO«, the heat is continued until fumes of SO, are evolved, in* 
dicating that HtSO« is the only free acid remaining. If the heat 
has not been sufficiently prolonged or intense, the separated silica 
may be flocculent and filters with difficulty, or some may remain 
soluble. 

If the heat has been too high, the conditions may have favored 
a re-c<<mbination of silica with the bases, and consequent soluble 
silica (analogous to the action by fusion). The temperature 
which can safely be applied may be put at 1 10° to 120°. 

According to Gilbert ( 7W7///. Quartirly^ February, t.Sqo\ when 
only Ca and alkalies are present, the temperature of drying may 
be carried up to 280° C. without detriment, but if Mg is present, 
re-combination of the bases with the silica is best prevented by 
dr>'ing at 120^ C. Some alumina almost invariably remains with 
the silica if Al is present in the solution. 

Sol. — Dissolved by boiling or fusing with fixed alkalies, caustic 
or carbonated. Insoluble in water and acids (HFl excepted). 

CoHtam, — Insoluble sulphates (PbSO^, BaSO^} removed by di- 
gestion with cone. H^04, and filtering through asbestos. (For 
other solvents of these substances, vid, sup.) In some cases 
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CaSOi. removable by digestion with HCl and NH,CI. The pre- 
cipitate may also contain a form of Fe2(SO<), (when separated from 
cone. H^SO,) which <H^-olves in dilute H^SOiWith some difficulty, 
but is readily soluble in HCI. 

SnOj or SbjO^ may be retained, as well as TiO, (possibly com- 
bined with PjOj) and ferric or alumnic oxides or basic salts. TiO, 
tends to hold P,04,Al203 and FejO, in the precipitate. To avoid 
error in such cases, the SiO^ should be determined by loss, adding 
HF or NH«F (and in any case H1SO4) igniting off SiF4 and weigh- 
ing again. This treatment is advisable whenever Al^Og is present 
in the solution in any quantity. 

JgH. — Precipitate is very light and fine, and readily carried of) 
by flame, requiring especial precaution on igniting. After ignition, 
the precipitate will absorb appreciable amounts of water if exposed 
to air containing moisture. 



QUARTATION AND WEIGHING. 

By HERBERT R. WOOD, FELLOW TORO>rTO UNIVERSITY. 

In making an assay for gold, two half assay tons are usually 
taken, as the amount obtained from half an assay ton is frequently 
so small that it is impracticable to weigh. The beads should be 
removed from the cupels with a small pair of forceps, such as jew- 
ellers use, placed on the stand or support, again picked up with the 
flat surface, squeezed, the hand turned over, and the bead brushed 
free from bone^ash with a tooth or nail brush held in the left 
hand. The bead should now be placed down, and again gripped 
with the pincers at right angles to previous position, again brushed, 
and placed in a cavity in the small iron stab. ' (These slabs are 
one-half inch in thickness, two inches long, one and one-half inches 
wide, with twelve scnii-circular c.iviLies on one suiTacc.) 

The beads are then carefully weighed in an ordinary bead- 
balance. 

If there is a number of assays to be made, the beads, when 
brushed and cleaned, should be placed in the cavities in the slab 
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according to some arranged system. Thus, twelve assays or 
twelve crucibles, each holding a half ton, make six distinct assays 
of a ton each. When placed in the furnace, the crucibles are put 
in such a position that the highest number comes first, the cru> 
cibles having been placed on aboard measuring twelve by eighteen 
inches or thereabouts, numbered in parallel rows, beginning with 
one, in the lower right-hand corner, and runniiic^ from right to left, 
terminatiriL; in the upper left-hand corner. 1 he crucibles arc 
arranged on tliis board, and placed, as above-mentioned, in the 
furnace, the liij^diest number first, and withdrawn, poured and 
cupelled in tiie same order. The beads, when removed from cupels 
and cleaned, are placed in the slab, the same order being ad- 
hered to 

The assayer, when once familiar with this method of identifying 
his assays, need never fear an error through mixing or confusing 
them. It also saves much time and labor. 

When a number of gold determinations are to be made, the 
requisite number of test-tubes are placed in a stand. The holes 
in the support of the stand should be large enough to permit of 
the tube being thrust in from underneath when reversed, as in Fig. 
2. An inch or half-inch of dilute nitric acid should then be poured 
into each tube and heated to boiling. The beads are then picked 
up with the pincers, and carefully allowed to slide down the inside 
of the tube held inclined in the left hand to the acid within. They 
are usually quickly dissolved, allowed to stand till complete solu- 
tion of the silver present has taken place, and the particles of gold, 
if present, allowed to settle to the bottom of Ihc lube. By hold- 
ing the tube up to theli^ht,a practiced eye can prett}- nearly judge 
the amount of gold present. The vessels which are used for solu- 
tion may vary in size and shape accordini; to the size of the bead 
and the amount of gold present, or the inclination of the assayer. 

In making silver brick, the large amount of silver and gold 
present necessitate considerable acid and a shallow vessel, which 
permits of being placed on a sand bath over a slow heat. In 
assaying the bullion beads, which, according to the richness of the 
metal, vary in the amount of gold and silver present, a larger 
vessel than a test-tube is required. The smaller flask may then be 
used. 

In heating the tubes a low flame is required. If solution does 
not proceed quickly or is not complete, a tube can be taken in 
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each hand, moved back and forth over the flame. Allow the par- 
ticles of gold to settle, then shake them together by twirling the 
tube and gently tapping it with the finger. Now place the tube on 
the back of the left hand, so that the gold may be clearly visible, 
and gradually incline and pour off the acid into a jar for that pur- 
pose kept in the sink. About the same quantity of water, or a 
little more, is added, heated, and carefully decanted in the same 
manner. This is to entirely remove any traces of acid remaining. 
The tube is now filled with distilled water from a wash-bottle, an 
annealing-cup placed on top (Fig. i), then, by placing the fore^ 
finger on the bottom of the cup, the whole quickly reversed, and 
the cup immediately filled with distilled water from the wash-bottle. 
If this is not done at once, the water will sink rapidly down in the 
tube, and particles of gold may be left adhering to its sides. Now 
place the tube and cuj) in the rack-stand, which shouid be at the 
edge of the table, by thrusting up the inverted end through a hole 
in the support (Fig. 2). The tube should now be allowed to stand 
some time till all the f^old is thoront^hly settled in the cup, at the 
same time gently tapping the sides ot the tube to insure this. Then 
carefully remove from the stand, holding the cup in the left hand 
and the tube in the right. Now incline the cup, holding the tube 
upright till it is drawn to sidjs of the cup and sur&ce of the 
water, holding all over the sink. Then, by a quick, dexterous 
movement, slide out the tube (Fig. 3). This should be done with- 
out disturbing the gold in the cup. It is very necessary that the 
cup should be tilled with water. Now carefully tap the cup to 
bring the scattered particles of gold in a lump, and then decant 
Place the cover on and stand before the open mufRe door on 
hearth till dry, then Insert with cupel tongs a few inches into the 
muiHe, which should be at a cherr> - red heat, till the cover is 
slightly reddish ; then remove, allow to cool, and weigh on Troen- 
mer. If the quantity of gold present be very small, practice will 
enable the assayer to judge pretty accurately the amount ; thus, 
under six one-hundredths need not be weighed. The gold sliould 
be heated until it becomes yellow, being careful at the same time 
not to fuse it. 

Figs. I, 3, 3 represent the transferal of the gold to the annealing 
cup. Figs. 4, 5, 6, 7, 8 represent the dififerent (juartation dishes, 
on the respective advantages of which the following comments 
are made. 
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4. This tube measures one-half inch by five inches. This is a 
convenient size, but larfjer ma) frequently be found useful. 

A test-tube blown out at one end. It answers for larger 
beads. 

6. Small Florence flask, used when making silver brick for 
gold. 

7. Is not so satisfactory as the gold. Is apt to stick io flask. 
The annealing cups cannot be used here so handily. 

8. A casserole, but out of which the gold is apt to spit. Re- 
quires great care, and is not to be recommended. 

Weighing. 

In weighing c^old the Troennier's j^old balance is the uK^st sat- 
isfactory. It will weigh satisfactorily to .04 and quantities below 
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this the assayer can call a trace. This balance has an agate edge 
at the centre and double pillar support which makes it very strong. 
It also pos?>esses a very delicate adjustment ball which must be 
very carefully used — one arm only, i>.. the right, is graduated for 
a rider. Before using the balance should be carefully adjusted, 
the pans dusted with a cameUhair brush, as frequently slight dif- 
ferences in weight are thus remedied. The operator should sit 
squarely before his balance and use his left hand in turning the 
screw, the right for manipulating the weights. The pans should 
never be touched by the fingers, but always lifted with pincers, an 
ivor>'-tipped pair being the best. In placing weights on the pan 
care should be taken that the pincers do not scratch the metal. In 
fact* it is better to lift the pan entirely free from the balance and 
empty the weights on the case. To remove the gold from the 
annealing cup, a roui^d -pointed blade of a penknife is used. This 
will detach the particles which, if properly manipulated in the fur- 
nace, will be ai^^lutinated. The gold anncahng cup is inclined 
over the pan and gently tapped with the knife, then reversed and 
very carefully scraped around, care being taken that no particles 
of clay are mixed with the gold. If such are present they may be 
gently blown out or picked out with the pincers. The cup is again 
decanted and tapped. The finger is then rubbed around in the 
cup and examined in the sunlight to see if any particles of gold 
not removed to the pan adhere to the linger. In examining the 
cup the breath must not be allowed to interfere. In weighing, a 
little practice will enable the operator to work quite rapidly. When 
the pan containing the gold is replaced the rider is moved midway 
of the beam with the right hand, the other turning the screw very 
gently down till the support leaves the beam. - If the needle 
oscillates to the right the rider is moved toward the end of the 
beam till correct weight is obtained. Care should be taken that 
the support is not raised while the needle is oscillating, but when 
it has reached the middle index, so that no unnecessary jar takes 
place. The weights, which are milligramnie weights, should be 
kept in the centre of the case, resting against the foot of the up- 
right supports, so that they may be readily reached. The gold 
should then be brushed out into some receptacle and the pan re- 
placed. No moisture should be on the hands or tools in workint^ 
with this balance. As a very slight jar, the walking of some one, 
will prevent the needle from coming to rest, it is advi sable to have 
the balance placed on a very firm foundation. 
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GRAPHIC FIELD NOTES FOR RECONNOISANCE SUR- 
VEYING AND AREAL GEOLOGY. 

By BAILEY WILLIS. 

(Read before the Geological Socirty of America, December 30* 189a) 

Importance of Relations in Space to Geologic Studies. 

Some years ago a coal property in Washington territory was 
oflered for sale by shrewd speculators, who valued the land at 
^ 1 100 an acre on account of the ^rcat thickness of workable coal 
said to occur in several veins. The property was not devclopeci, 
but the number of coal-beds and a total thickness of good coal of 
more than one hundred feet were confidently stated from expos- 
ures of the folded coal measures in a canon 400 feet dee[), which 
traversed a plateau whereon glacial drift and primeval forest ob- 
scured the strata. Of these natural conditions the speculators ^ 
skilfully took advantage; they opened the coal-beds on the crtnnn 
sides at points which were not interv isible.and they cut a labyrinth 
of paths through the forest leading from one opening to another. 
On the cliffs these paths were unpleasantly narrow; in the under- 
brush of the plateau they wound about in such manner as to ex- 
aggerate the impression of distance. It was shrewdly calculated 
that any geologist by these means topographically misled might 
be geologically confused and led to count a single coal-bed seen 
at dtfierent openings as several beds. And this calculation was 
justified by the result An expert of high standing, whose expe- 
rience and reputation fairly commanded confidence, reported the 
coal at nearly three times its actual thickness, and ^750,000 was 
paid on his mistake. The error in stratigraphy followed from 
ignorance of the local geologic structure, both avoidable had the 
geologist determined relations of distance and direction among 
observed sections. 

The point of this story is the point of this article: A knowledge 
of relations in space amon^r creolo^ic facts is essential to the solu- 
tion of problems of stratigraphy and structure, and it fellows that 
the geologist must locate his observations on a map either pre- 
pared in advance or surveyed simultaneously with his work. The 
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possession of an adequate map constitutes the ideal initial condition 
for geologic work. 

Definition of an Adequate Map for Geologic Purposes. 

General Dcjinition, — An *' adequate map " is one which faithfully 
describes the character of the features delineated; it is so char- 
acteristically true to the facts of relief, drainage and culture that 
cartographic details can be identified with natural features ; it 
offers many tie^points, i>.» many points which can be definitely 
recognized as the representatives of specific locations on the ground. 
Such points are essential to the location of a geologist's observa- 
tions of outcrops, strikes and dips, or formation boundaries, which 
may be of very limited extent, but which must be placed on the 
map with such accuracy that the error, reduced to the scale of the 
map, is insigrnificant. Such tie-potnts are bends of roads, cross* 
roads, crossings of roads and streams, sharp turns in streams, 
stream junctions, springs, mountain peaks, ridges, gaps, spurs, 
abrupt chang^es of slope; in a word, all characteristic fcalurcs. 

Maps arc sketches fitted to a geometric control. If we com- 
pare thcni with works of higher art, we may liken the painfully 
exact military maps of Europe to miniature portraits, while some 
American maps, produced under demand for quantity ratlier than 
quality, suggest paintings executed with a palette knife. The dif- 
ference lies in the minuteness of control, in the number of points 
accurately determined per square inch of map. 

Methods of Control. — The measurements which constitute control 
are obtained by two methods, triangulation and meander, each of 
which has its advocates, each of which requires certain natural con- 
ditions for economic working, but which in most regions can ad- 
vantageously be combined. 

Unsupported triangulation afifords few tie-points; stations and 
Intersections are fixed without appreciable error to the scale of the 
map, but roads, streams, and contours, if the last be employed, are 
generalized according to the handwriting of the topographer rather 
than to the character of the topography. The geologist who is 
obliged to use such a map should be fitted to locate himself by 
direct reference to the geometric control, and he should check the 
generalizations of the map by such references. 

A meander line fitted to a scheme of triangulation supplies tie- 
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points within a belt of varying width. If it follows a road or 
stream each change of direction provides a tie-point, and the ele- 
ments of relief within the topographer's view are fixed usually be- 
yond his power to genefaUze out of recognition. Thus the num- 
ber of tie-points increases much faster than the number of miles of 
meander run; and the value of the map is rapidly augmented as 
the network of meander lines is made finer. Thoroughly satisiac- 
tory maps can be made by this method. The first example of this 
class of work which came to my notice was the Greenville, Ten- 
nessee, atlas sheet of the U. S. Geological Survey series ; it repre- 
sents a thousand square miles of the valley of Tennessee, where 
the present relief is a dissected base- level in limestone, overlooked 
by strike ridges of sandstone and shale. All the roads were mean- 
dered, the total distance being about 1200 miles, a season's work 
for one topographer. The southeastern corner of the sheet is 
mountainous and without roads. Here the topographer was con- 
fined to sketching to fill in his triangiilation, and the resulting map 
is so inadequate that the geologist was obliged to correct the base 
by meander lines run on foot. Other maps of this desirable char- 
acter have been and are being made by those topographers who 
appreciate the possibility of putting character into their work. 
Such men raise their profession from the dead-level of mechanical 
generalization to an art which expresses important geographic 
truths. And those geographic facts are but the latest expression 
of geologic processes, which it is the province of the geologist to 
interpret But the topographic artist has been a rare being, and 
while we may felicitate ourselves upon the prospect of his becom- 
ing more numerous, we still have to work with the inartistic 
product 

Procedure with an Inadequate Base. 
7 he General Question, — How can the geologist best proceed in 
the field with a map which does not afibrd tie-points for his obser- 
vations ? or, in other words, given an inadequate base, what method 
of field-work leads most satisfactorily to the development of a geo- 
logic map ? To this question, thus broadly stated, no intelligent 
answer can be given. Account inust be taken of the geologic 
problem, of the aspect of its jjresentation, and of the characteristics 
of the geologist. The student of crystalline rocks, accustomed, 
perhaps, to the limited outlook in a Michigan forest, cannot well 



322 



THE QUARTERLY. 



devise details of methods for him who studies stratif^raphy and 
structure on the treeless plains of the West. Nor can he whose 
stratigraphic work in the settled States is facilitated by roads pre- 
scribe methods for the investigator of volcanic geology in unin- 
habited mountain ranges. Each must adapt to his own environ- 
ment the means of recording and arranging ol>servations, but he 
will certainly do so more intelligently if he avails himself of the 
experience of others whose training and experiments may contain 
positive or negative suggestions. 

Believing this, I propose to give here» for what it is worth, the 
experience of the Appalachian division of the United States Geo- 
logical Survey with graphic methods of mapping formations. 

Appalachian Work m the V, S. Geological Survey, — ^The Appa* 
lachian Paleozoic province presents stratigraphic and structural 
problems under an aspect which is familiar to all of us. Reh"ef is 
seldom cinph.iuc, heights have usually struck an average eleva- 
tion through successive base-leveling, soil covering is the rule, 
vegetation flourishes everywhere, and cultivation assists in obscur- 
ing geologic facts ; these are obstacles to rapid work, whatever the 
problem. On tlie other hand, relief and structure are intimately 
related as effect and cause, the factors of tlie problems, multitudi- 
nous as they often are, are crowded together in small space, every 
part of the region is easily accessible, roads and houses permit 
iacilities not else available ; these are aids to successful work. 

The geologists of the United States survey who entered this 
province prior to 1886 were trained in western fields and did not 
at 6rst devise the best methods of work. The amount of geology 
per square mile was embarrassing to them ; the &cilities afforded 
by culture were not appreciated. It seemed, moreover, a fair 
assumption that the Rogers brothers, Sai!brd, and others had 
solved the geologic problems of the region and that to rcsurvey 
their fields was but to confirm their results, which must be done 
in detail and with great accuracy. Triangulation for detail was 
forbidden by the absence of marked features of relief or culture, and 
meander methods were a necessity in the absence of adequate 
maps. 

Stadia Transit MctJtod. — The special conditions and the fact 
that the purpose of the work was section measurement led to the 
selection of a very accurate method based on stadia measurements 
of distances. The instrument used was a light transit, mounted 
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on tripod and leveling screws, carrying a telescope with a vertical 
limb and fixed stadia wires. The stadia rod was 12 feet long and 
giaduated by experimenting with a base measured by a steel tape ; 
there were two movable targets, which were adjusted by the rod- 
man on signals from the surveyor until the interval between them 
was proportioned to the space between the stadia wires of the 
telescope ; the number of divisions on the rod included between 
the targets then corresponded to the distance from transit to rod. 
The maximum distance measurable with this instrument and rod 
was I $00 feet. A much greater reach might have been obtained 
with a longer rod, but it was not deemed desirable. 

The' operation* at any one station was as follows : the geologist 
set up and leveled his transit, received from the rodman the dis- 
tance reading -of the last sight and platted his topographical and 
geological notes accordingly. The rodman set a target to the 
height of instrument aitd went on to select the next station. 
When ready the rodman called, the geologist observed and noted 
the course and slope of the new sight, by signals atl justed the 
targets to the stadia wires, and then rejoined the rodman. 

By repetitions of this process, with more or less delay for mis- 
understandings on account of the distance frequently separating 
the geologist and rodman, the meander line progressed at the rate 
of three to six miles a day. 

The record consisted of two parts containing similar informa- 
tion : the one part composed of figures and verbal notes; the 
other part representing approximately the map to be platted from 
these figures. The final interpretation of the whole record con- 
stituted the office work. 

This required for each sight the reduction of slopev distance to 
its horizontal projection and a calculation of elevation of each 
Station. The course and distance being platted, the geologic facts 
could be indicated and the sections developed. This labor proved 
very onerous; unnecessary mechanical accuracy of delineation 
absorbed time that should have been given to thoughtful study. 
The end in no sense justified the means, for the method was 
adapted to the accurate co-ordination of a mass of facts in a 
small area, as in a mining survey, not to generalizations in strati- 
graphy and structure. 

AdopHoH of GrapkU Methods, — It has already been stated that 
the record of stadia work was in two forms : the one numerical, 
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the other graphic. The former occasioned most of the office work, 
the latter contained the pith of the geologic information. It fol- 
lowed that in casting about t(^ devise a method for mapping forma- 
tions, we sought to get rid of the figures and to improve the 
sketch to the standard required for a final plat fit for transfer to the 
map. To do this required the adoption of some means other than 
the stadia of measuring distances, and of means for sketching direc- 
tions and distances more accurately than had previously been done 
- For measuring, two instruments have been successfully used ; 
the one the wheel of a buckboard or sulky with some attachment 
for marking its revolutions ; the other a pair of legs, usually those 
owned by the geologist. With the former the unit of measure- 
ment is a wheel," />., the circumference of the wagon wheel : 
with the latter the unit is a pace, a function of the individual. 
These \ li \ in dilTerent instruments and require reduction to a com- 
mon sccilc before combining different pieces of work. 

Measurement with a wheel is an old method, improved within 
the last tew years to meet the demand of the topographic division 
of the United States Geological Survey for an efficient means of 
traverse work. Mr. Henry Gannett says of it: 

" As nearly all traversing is done along roads, distance.s are 
measured in this work mainly by counting the revolutions of a 
wheel — usually one of the wheels of a buggy or buckboard. Vari- 
ous forms of odometer for automatic counting have been in use* \ 
The old pendulum odometer was first tried and unqualifiedly con- v 
demned. The form now in general use is that devised by Mr. E. 
M. Douglas, of this Survey. For working this a cam is placed on 
the inside of the hub, which, by raising a straight steel spring, 
carries the index forward one division for each revolution of the 
wheel. The odometer registers to ten thousand. This form is 
the most trustworthy that has yet been devised, but is not alto- 
gether satisfactory, and the majority of traverse men prefer to 
count the revolutions of a wheel directly. The arrangement by 
which a bell is rung at each revolution is a very cuiiimon aau 
effective device. From an extended experience covering rn.uiy 
thousands of miles of measurements it has been demonstrated tiiat 
as a working method of measuring distances the wheel is greatly 
superior upon roads to the stadia. Moreover, it is nearly if not 
quite twice as rapid as the stadia method."* 

* Unpubliifhcd MSS. 
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The attachfiient of the Douglas odometer to the wheel varies 
with the ingenuity of individual users : it may be placed on either 
axle, when its connection with the wheel is then most direct ; or 
it may be placed beside the seat of the vehicle and connected with 
the wheel by wires working a system of levers. The latter arrange- 
ment requires nice adjustment but raises the odometer out of the 
reach of mud. places it within convenient observation and enables 
the observer to judge the regularity of its register by the click of 
the ratchet. 

Pacing, as a means of measuring short spaces, we are all familiar 
with ; but pacing mile after mile, day after day, for continuous 
fecord is not a common practice. It was only after experience 

had demonstrated both the necessity and practicability of pacing 
that I gave the nieihod practical consideration. Where the w heel 
can be driven it has tlic adx anlaj^c ; but where the w liccl must 
stop, the pace becomes a convenient and indeed iiidispensable unit 
of measure, which never fails ( ne who has practiced it. It maybe 
confidently stated from repeated experiences that there is no con- 
dition of surface, of slope, or of obstruction, over or throui^h which 
a man cannot pace, with a reasonable approximation to the true 
distances, provided the ends of the meander line are so tied to 
some control that the scale of the meander plat can be indepen-^ 
dently determined. Systematic pacing for geologic record was 
first used by the Canadian Survey and in the United States by 
Brooks and Pumpelly in the Lake Superior region. The United 
States Land Survey there divided the country into square miles 
and within these north or south straight lines were paced at regular 
intervals. The accuracy of the pacer was checked at each section 
line, and woodsmen selected for the work became very expert, 
keeping count of regular steps through underbrush, through wind- 
mills, and even in deep snow on snow-shoes. It was found ex- 
pedient to adopt an arbitrary pace, 2000 to the mile, and outcrops 
were located as so many west and so many north from the south- 
eastern corner of any particular section. Where the notes of dif- 
ferent observers were to be studied by one geologist a uniform 
pace was desirable, and it is probable that the short pace, 2000 to 
the mile, is a more regular unit of measure than a longer stride ; 
for, bein^f shorter than a man*s average step, it would be less 
affected by the varying conditions of the ground ; certafnly no one 
who attempts to stride beyond his ordinary step can pace regularly 
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for any long distance. Yet few men care to train themselves to a 
definite short step, and it is not necessary where the distances 
paced are at once recorded in a plat of known scale, since the unit 
of measurement then becomes a matter of indifference. It is only 
necessary that the pacer should know and record his average step, 
and this can be ascertained by counting paces for half a day in 
walking a known distance or by platting a day's route to an 
assumed scale and correcting it by a map of known scale. 

The principal difficulty in pacing is to keep a correct count of 
steps, and to avoid this we have found it desirable to count every 
fourth step only, while yet giving to each footfall a digit or num- 
ber. The mind readily recognizes a certain rhythm or time^beat 
on the fourth step, and it will unconsciously repeat the total num- 
ber of paces in time with successive steps, adding one for each 
completed pace of four steps. Thus, starting out the left foot 
first, the rhythin runs ; Left, right, left, one, or o, O, O, I, O, O, O, 2, 
etc.; and lui Lhci on, left, right, thirty, five, or o, O, 3. 5 ; still further, 
left, four, fifty, two, or o, 4, 5, 2 ; when more than a thousand paces 
are numbered, one, three, seventy, eight, or i,3, 7, 8; the next 
pace. I, 3, 7, 9; then, i, 3, S, o; and I. 3, 8, i, etc. Thus, each 
step repeats the appropriate figure, and the four together give the 
total number of paces ; the units change with every fourth step, 
the tens only with every fortieth step, and the hundreds and thous- 
ands each in their degree with less frequency. The repetition, 
unconscious though it comes to be, fixes the total number beyond 
the possibility of loss.* 

The means of measurement being adopted, the method of re- 
cording is the next step; of these there are two: the plat on the 
traverse plane-table and the plat in the note-book. 

The traverse*table was devised by Mr. Gannett for the purpose 
its name indicates. He describes it as follows : 

The plane-table used for traversing is of the simplest possible 



* These methcxis of measurement suffice for the geologist on wheels or on foot, but 
they fail him on horseback. In dii>cu!>i»ing this paper Dr. G. M. Dawson described a 
method of <*tiine survey/* which consist* in riding a hone al a steady walk, and noting 
the exact time consumed in riding over each course. The time«nmt of the plat is a 
function of the gait of the horse, ami is influenced by variation* of the latter, and errors 
may creep in thronj^h disregard ol momentary halts ; even,' check should be noted. 
But when carelully walcheil tlie liinc-survcy is accurate to about une-foriietli of the 
dihtance. i>r. I>aw»on also referred to experience with a LK}at-log in lake surveys. 
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form, consisting of a board t$ inches square, into one edge of 
which is set a narrow box containing a compass-needle 3 inches 
in length. The table is supported by a tripod of light construc- 
tion, without levelling apparatus, the level of the instrument being 
eflfected by the legs of the tripod. ' The table is adjusted in azi- 
muth or oriented by means of the compass-needle, movement in 
azimuth being provided by simply turning the table on top of the 
tripod head. There is no clamp to the asimuth movement, the 
table being held in place simply by friction. The alidade consists 
of a brass rule 12 inches long, with raised sights hinged to turn 
down when not in use. Ordinary drawing-paper backed with 
cloth is used for plane-table sheets, and is attached to the board 
by thumb- tacks. " * 

The operation of traversing with this insfrument is very simple. 
At each station the table is oriented by bnngin<^ the compass- 
needle to a mark on its short scale; the area of the map is usually 
too small to show any convergence of magnetic meridians, and if 
the magnetic declination be constant, it follows that at each station 
the position of the table is parallel to all those preceding it. Courses 
sighted and drawn with the alidade, whether successive foresights 
or alternating foresights and backsights, therefore depart from each 
other with angles equal to those included by the directions on the 
ground, and the lengths of the sights being laid off to scale, the 
plat is a figure mathematically similar to the traverse on the ground. 
On this plat geologic observations can at any instant be indicated 
in their proper relations. It is customaiy to foresight to bend of 
road, tree, ftmce-comer or any other distinct object, to wheel or 
pace to the thing sighted, thence to wheel or pace to a convenient 
station and set up the table. At this station the operations are : 
(i) to orient the table, (2) to scale off the first foresight, (3) to 
sight and ciiavv the backsi^lit and scale it off, (4) to sight and draw 
the next foresight, (5) to sketch in topography or geology, and 
then to proceed. Time is economized by occupying alternate sta- 
tions only, and geologic relations are developed as fast as the 
traverse-line is extended. I believe that this simple instrument 
will prove to be of great value to geologists, and will save time, 
labor and money m the extensive work of geological mapping. 

But notwithstanding the simplicity and accuracy of the traverse* 



* Unpublished MSS. 
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table, pfeolopists who do not wish to carr>^ a mounted instrument 
of any kind have tried to accomplish the same object with only 
hand-compass and note-book. To do this is to reduce instru- 
mental impedimenta to a minimum, but the observation and record* 
ing of the traverse requires more care than on the plane-table. 
Given an ordinary clinometer compass with square base and sights 
and a note-book ruled in squares, the operation at any station is as 
follows : (l) to foresight by holding the compass in the right hand 
or on the note-book at half arm's length and at a convenient height 
for alignment with the object sighted and for reading the course; 
the compass sights may be closed or raised for this alignment and 
additional accuracy is perhaps obtained by sighting the longer side 
of the note-book placed parallel to the compass siglUs ; (2) to 
record the foresight by drawing a line on the note-book page at 
the observed angle from a meridian previously assumed; a small 
horn protractor is useful for thi- |)urpose, but it is only necessary 
for lon^ sit^hts, such as those taken to locate distant points by 
intersections. It is easily possible to estimate the angle of the 
observed course with sufficient accuracy for .sights of a quarter of 
a mile or less by bearing in mind the angles made by the diago- 
nals of various parallelograms; thus the diagonal of a square is at 
45°, that of a rectangle 2 X 3 is at 34° and 56°, that of one i X 2 
is at 27° and 63°, that of one 2 X 5 is at 22° and 68°, that of one 
I X 3 is at 1 8° and 72°, that of one I X 10 is at (y" and 84°. etc. 
These diagonals are easily noted on the reticulated page. If a 
protractor is used it should have one straight side with a scale on 
it ; if there is no protractor a convenient ruler can be made of a 
page of the note-book torn out and folded parallel to one set of 
lines ; the folded edge will be straight and the lines at right angles 
to it give the scale. It is obvious that errors of angular notation 
are more serious the longer the sight laid down ; hence more care- 
is needed on long sights or on a large scale than on short sights 
or on a small scale. The limits of scale which have been found 
desirable for field plalliiig \\\ the Appalachian fiekl are one and 
two miles to the inch ; the smallest scale on which legible notes 
can be written is the best. As the meander thus noted is extended, 
geographic and geologic notes fall into place along it. 

Sumniiiry of Methods, — In the foregoing paragraphs I have 
sketched three ways in which members of the Appalachian divi- 
sion keep geologic field notes ; lirst by direct notation on an ade- 
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quate base, where such ts available, second by notation on a 
meander run with traverse plane table and odometer or pacing 
measurement, third on a meander surveyed without mounted in- 
struments and platted on the note-book page. It remains to indi- 
cate what the use of such methods accomplishes. 

In any comparison of methods for the determination of efficien- 
cies, two factors must be considered for each method under like 
conditions. These are quantity and (quality of work. Under the 
conditions of stratigraphy, structure and culture existing in the 
Appalachian province, the quantity of work whicli can be accom- 
plished with graphic methods of keeping field notes is best esti> 
mated hv stating the number of miles of meander line that, with 
topoL;raphic and geologic notes, can be platted daily. Using the 
odometer attached to a buckboard with two horses and a driver, 
we estimate the average product at 1 5 miles a day after two years* 
experience. Pacing for the same record averages seven and does 
not exceed ten miles a day. Our experience further shows that 
these averages added to the distances from and to lodging places, 
lunch being taken afield, form a sufficient day's travel for horses or 
men, when performed day after day throughout the field season. 
Thus the quantity of product by this method is about equal to the 
endurance of means of transportation. 

Quality, if we consider the work of different men, is a very vari- 
able factor ; but if we compare the value of graphic notes with that 
of written notes taken by the same man we shall get a definite 
result. We find that graphic notes are more concise, more definite, 
more accurate Llian verbal notes; graphic notes are more easily 
understood by a fcllou -observer, be he chief or assistant; graphic 
notes directly present facts in visible relations ; words do not ; graphic 
notes are capable of immediate transfer to the ba-^e map; verbal notes 
must first be translated into graphic form. He who takes gra})hic 
notes in the field arranges facts, one by one, each in its place and 
in proper relations to all others ; he who takes verbal notes forms 
a mental image of these relations, often an erroneous one, which 
must be corrected by a subseq uent plat. Moreover, the possession 
in orderly arrangement of all focts observed up to any point in a 
piece of work enables the observer to plan ahead and directs his 
attention to missing links in the chain of evidence. Hence graphic 
notes, even if more slowly taken than verbal notes, are usually 
more complete and save waste and repetition of field work. 
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In the office there can be no question of the iaving of time ac- 
complished by graphic methods of field work. 

In one instance two ac^aoent atlas sheets covering looo square 
miles each, which presented structural problems in terms of similar 
stratigraphtc units, were surveyed by a geologist and his assistant ; 
the notes recorded in the one consisted of statements of distances 
wheeled off on roads and the corresponding ge ologic facts — a ver- 
bal record ; the notes taken in the other were all platted directly 
in tlie field. Field work for the former was 34 days, for the latter 
30 days. Office work for the former consumed four weeks, for the 
later but two weeks. 

The preparation of maps is but routine work, the aim of which 
is the elucidation and presentation of geolofjic problems; to 
reduce the time demanded for routine is to gain time for study 
and is therefore a step toward improvement in the quality of the 
final result. 

The graphic methods which I have indicated are methods of 
accurate work ; in the Appalachian province they are also methods 
of detailed work ; but this is a condition of special application, not 
an inherent necessity. Running a meander line Ihcilitates but 
does not necessitate the observation of geologic (acts. Neverthe- 
less it is true that the knowledge that every &ct observed can be 
noted in its proper relations tends toward detailed observation. 

The geologist, who is forging a continuous chain of evidence, 
becomes apprehensive of missing links, and the visible continuity 
of his record leads him to close observation ; he skips nothing. 
And herein is a reflex action of graphic methods upon the ob- 
server, which is one of their best recommendations. The graphic 
record invites close attention to the accumulating facts ; it is sug- 
gestive, and directs observation to possible undiscovered facts. 
Graphic methods make keen observers. 

Types of Fifxo Notes. 
Verbal Descriptive Notes, — Example : 

Above these beds of Clinton ore. which lie in yellowish shales, is a white sandstone, 
forming the summit of Walden's ridge, and its southern «;lope to the fault on the south. 
This sandstone is preci*iely like that olwerved on Poor valley ridj^e, ("uiulKrhiiHi ninun. 
tain, but it here lies above Clinton ores, and there it underlies them. At the summit 
of Waiden's ri(%e this sandstone and the Clinton ihates with ore are folded in a sharp 
broken anticlinal and gentle synclinal, which restores the southern dip; this stmctvre 
b well exposed in the sandstone ctiiK 
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This fonn of record is often imperatively necessary to supply 
descriptions of relations or of physical characteristics of rocks 
which cannot easily be graphically expressed. The description 
written on the spot has an authority and value no subsequent state- 
ment can have, and the verbal form permits comparison of facts, 
as the graphic form does not in the same degree. 

Verbal Notes for Stratigraphy. — Example : 

Descending Cumberland mouniaiii it White Rnc!<s. Dip of strata 15* to 20^ nnrth- 
we<.t>*artl; aneroid 2740 feef. The summit and escarpment of the mountain are formed 
of fine-grained sandstones, cross stratified, and containing layers of quartz pebbles i 
inth and leas in dmneter 

715 feet (ftneroid> below the summit the sandstone talus eoven a lij^ht-greenish 
shale; ancroi<i 2025 feet. 

Outcrop of yellow isli sand'^tone LfUjw >hale; aneroid 1K50 feet. 
Highest outcrop of compact j^ray limestone; aneroid I^Sofect. 
Highest outcrop of purple shales; aneroid 1720 feet. 

Such aneroid notes are of value for determinations of thickness 

of strata where the beds lie flat, or at a t^entle dip, and the obser- 
vations can be made on a steep slope; tli.it is. where the vertical 
measurement is of principal value, and the relations in horizontal 
plan are not essential to the result desired. Again, given an ade- 
qui(te contour map and a simj)le problem of stratigraphy and struc- 
ture, such notes may answer for the location of boundaries and 
structural facts, but their value is in proportion to the accuracy of 
the map and the simplicity of the problem, so that they may at any 
point become valueless through inaccuracies of the one or through 
unexpected complications of the other. 

Verbal Notes far Horizontal Location. — Example : 

Went from camp l^^ miles i along river bank; no outcrops, rurned up suuth> 
eastward, ascending crooked ridge ; in }i mile db came to outcrop of typical quartxite. 

Followed along the strike, descending to brook ; section welt exposed. Up brook, 
course S. 10^ ^\V., pass over alternating l>eds of sandy shale and sandstone, di|)s 

varying from lO** to 85°; in '4 mile ■- lienvy sandstone, may rqirescnt tvpicxl 
quartzite ; in fifty '^tc\y^ fossiliferons limc.Htone, either under or over (|uartzite, dips 70° 
to 90°, structure indeterminate. Collected fo&!>il$ and returned to camp. 

This represents a bad case ; careless work from the start vitiated 

the value of any possible observation. On the face of the note it 
is apparent that the approximate distances are not worth anything, 




Copy of graphic fiald not*t, platt«d on raticulatod Not* book without protractor, from courtM tightad witt» htn^ 
Compass and disUnctt pacod. 17 milaa of moandor, 10 (sqr.) milas of aita. Two day* work. 
Shewinc r«la|i«fM «f tht Orilkanjr $«n4tton« end ovartjfjnf •nd vndtrlytnf tads. 
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and when the looked>for quartzite was found its existence was es> 
tablished but not its position. The geologist, having observed 
nothing up to this point, was practically lost; and being lost»that 
is, being cognizant only of general relations, he disregarded the 
details of the brook section. This day*s work resulted in a col- 
lection of fossils from a limestone which was topographically and 
geologically undetermined, and was consequently almost wasted. 
This ineflectual result followed from a loose beginning ; it may 
serve to point the application of the old saying : " Whatever is 
worth doing at all is worth doing well." 

Graphic Notts. — An example of graphic field notes, taken di- 
rectl\- from a field plat drawn in the note-book without the use of 
a protractor, is illustrated in the accompanying plate. The orig- 
inal record is in pencil ; a tracing in ink was made, the character 
of the original being maintained as closely as possible, and this 
tracing reproduced by photo-engraving forms the plate. 
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Analytical Chbmistrv, by E. Waller, Ph.D. 

Hints to Beginners in Iron Analv^i^. Browne (_/our. Aiui!. and App. 
Chem., V. 325) gives a number ot useful and practical sugu't ^t ll»ns as to 
plan of laboratory, apparatus and chcmicaU for those stalling a labor* 
atory at an iron works. The original paper should be consulred. 

Bropnic Acid as a Reagent. Feit and Kubierschky {Chem. Ztg.^ xv., 
351) recommend this reagent, especially in volumetric work , on account 
of its great oxidizing power and because it readily liberates a definite 
quantity of iodine from KI. In practice, the reagent is prepared by 
dissolving 30 gms. of KBrO, in 300 CO. of water, and boiling with 
dilute H,SOf, to decompose any HBr present» then cooling and diluting 
to one litre. 

New AikaUmeinc Indicai&r, Mylius and Foenter {Benchie^ xxiv., 
1482) find that the sodium salt of erythrosin (iod-eosin), after purifica- 
tion, is poor as an indicator when used in the ordinary manner, but if 
some ether is added, it constittites an exceedingly sensitive indicator. 
Place 50 to 100 CO. of licjuid to be titrated in a stoppered flask, and add 
xo to 20 c.c. of an ether solution of erythrosin compound containing 
0.002 gm. per litre. If the solution is alkaline. It assumes a rose tint. 
When it is acid the aqueous solution becomes colorless. Titrations with 
thousandth normal S'jlutions can be made by this means. The indicator 
is indifferent to CO,, and unsatisfactory with oxalic or oruanic acids. 
It is neutral to neutral salts of Mg, Cd, Zn, Mn, Ni and Co, but gives 
the acid reaction with those of Fe, Al and Cr. With Pb and Ag it is 
unsatisfactory. 

Alkiiliinctric luiiicators. Fojrster (/'><ry. Zfs.Anai. Chem.. xxx. 304) 
prefers naphUiol green to malachite green, in conjunction with i^purified) 
lakmoid. He recommends to mike a solution of 3 gms. purified lak- 
moid and 5 gms. naphthol green in a mixture of 700 c.c. water and 300 

c.c. alcohol. Zaloziecki p. 333) describes the preparation and 

use of alpha naphtholbenzem. With alkalies it gives an intense green, 
with acids red-yellow. It is quite sensitive to carbonic acid. A one per 
cent, alcoholic solution is the best for use. 

Barium Sulphate, Mar {Am. /ot4r. Sci.^ \\\,) reports some experi- 
ments on the analytical relations of this salt. He finds that consider- 
able (juantities of HCl in the solution do not have the solvent effect 
usually ascribed to them ; also, that the presence of HCl does not pre- 
vent to any great extent the contamination of the precipitate by alkaline 
salts. The method of purification by dissolving in concentrated H^O« 
and pouring int^> water was not found to operate satisfactorily; but on 
evaporating the H,bO^ solution of the precipitate to dryness, and then 
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washing, the BaSO^ was obtained fairly free from contaminant. By the 
aid of a Hempel burner {Brickie, xxi., 900) the evaporation was rap- 
idly effected. 

TUraHfin tf Alumina. Cross and Bevan {J, S, C , x. , sot) reiterate a 
statement made some time ago {vidt Quarterly, x., 371), that on titrate 

ing an altiminate with methyl orange as indicator, the neutral point is 
reached when the ratio is 2A1,0, to 5SO3, instead of to as stated 

by Lunge. The latter replies {Jbid., x., 314; with an account of fresh 
experiments which appear to prove his contention. He suggests that 
the change in color of the indicator takes place slowly towards the last 
in solutions of ordinary temperatures, but very promptly at 40^ C. 

Ferrocyamde Titraiion oj /,in£. Moldenhauer {^Chem. Zdt.f No. 14, 
1891) finds that Mg and Mn interfere. By treating the solution with a 
little Na,HFO« and excess of ammonia, he precipitates those out, and 

then titrates the Zn. His method is: Dissolve 2.5 grras. ore in HCl, 
with a little HNO^, and dilute to 250 r.c. Mix 25 c.c. of the solution 
with 10 c.c. of ammonia, and titrate to get an approximate idea of the 
amount of Zn present. To 50 c.c. of the solution of the ore add 10 c.c. 
ammonia and 5 c.c. of a solution containing 5 gms. ammonium car- 
bonate, 5 gms. 10 c.c. of ammonia and 90 c.c. of water, warm» 
to settle the precipitate : mol, and add 2 c r. of a 10 per rent, solution 
of NajHPO,. which will jirrt i|)itate M;^' and Mn as phosphates. Titrate 
this solution, wlncii will give the correct result. 

Vfhimehie for Manila ncse* Blum {Fres, Zis, Anal. Chem.^ xxx., 284) 

proposes titration with ferrocyanide in an ammoniacal solution contain- 
ing tartaric acid and NH^Cl, Some ferric salts should also be present. 
The end reaction is when a drop of the solution shows bhie with a drop 
of acetic acid, showing an excess of ferrocyanide. The precipitate is 
Mn(NH<),FeCy^ The solution contains 38,487 gms. cryst. K^FeCy,. 
1 r.c. =: 0.005 gm. Mn. Dissolve 5 gms. of mineral in concentrated 
HCl, rinse (without filtering) into a 250 c.c. flask, fill to the mark, mix, 
and take portions of 50 c.c. at a time. If not enough Fe is present, 
add a little Fe,Cl,. Add 20 c.c. cold saturated NH^Cl solution, 30 c.c. 
tartaric acid solution (1:2) and a large excess of ammonia. Titrate 
boiling. 

Manganese Titration hy the Voihan/ Aft tho^f. Blum ( F/rs. Zts. Anal. 
Chem.^ XXX., 210) criticizes Riirup's method of managing the titration, 
in which Na^SO^ solution is added, and refers to Meinecke's expert^ 
roents, which go to show that an excess of ZnSO^ and absence of ZnO 
are essential features for accuracy, A neglect to allow for the volume 
of ferric hydrate separated by the ZnO may also be a source of error. 

Determinirg Manganese. J. and H. S. Pattinson (/. 5., C. /., x., 333.) 
Dissolve an amount of the sample containing not over 0.25 grm. Mn in 
HCl. If ferrous iron is present in the solution (spiegel, etc.), add HNO, 
sufficient to oxidize to ferric. If the amount of Fe is less than that of 
the Mn, add sufficient Fe,Cle to make the proportions about equal. An 
excess of Fe does no harm. Just neutralise the solution with CaCO,, 
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and then render it slightly acid with HCI, w a-, to ]\\^\ remove the deep 
red tint. Then add 30 c.c. of ZnCl,, containing 0.5 ^\\\. of the nietal, and 
dilute to about 300 c.c. Difisolve about ^3 gms. of a 3^ per cent, bleach- 
ing powder in one liter, and filter. Of ihis solution take 60 cx ,add t( > : 
enough Iiri to give it a faint p?rtninent greenish-yellow color, and add 
to the solution from the suh^tante under examination. Finally, add 
about 3 guvs. CaCOj diffused in 15 c.c. of boiling water, atter the 
first evoliitioti of CO,, and, stirring, add % c.c. methylated spirit, and 
«tir. Fdter, wa&h first with cold water, then with warm (65*^ C) until 
the washings have no elTect on KI and starch. Dissolve the precipitate 
in a known amount (^70 c.c.) of standardized Fe.SO^, containing free 
H,SO^ (i to 3), and titrate cold with K,Cr,0, solution. The oxidizing 

Sower of the precipitate being thus determined, it is calculated as MnO,. 
iromine water may be used in place of the bleaching powder sclution. 
The strcncrth sliould he about 22 gm-s. per liter; of this 90 c.c. should 
be used for ahont 0.25 gm. Mn. Co .nul Cx. interfere somewhat with 
this method. Pb, Cu and Ni also inlcrtcre slightly, but to a less extent 
than Co and Cr. 

Reparation anJ Determtnation of Niikcl and Cobalt. KraU'iS ( Frrs. 
/Js. Anal. Chc/n., xxx,, 227) gives a critirjl review of the various 
methods proposed by different chemists, with brief accounts of his 
experiences. For details, the original paper must be consulted. In 
closing, he remarks that some phenomena which he has observed seem 
to favor the view of Kni>s and Schmidt as to the existence of another 
element accompanying cobalt and nickel. 

* 

Oiromum in Steel, Hogg (/. S,C.Li x. 340) pro]>oses a colorimetric 
method depending up^n the depth of tint imparted to the H^SO, solu- 
tion of the steel. .A.s standards one must ine solnti ins from steels con- 
taini'.g known amounts of Cr. A 2 per cent, standard will serve for all 
percentages between i and 4. For lower percentages a 1 per cent. 
Standard may be made to serve by adding known amounts of pure iron. 

Decomposition of Chromitt- by theelei trir current. Smith {Am. Chem, 
Jour., xiii., 4T4K conducts the operation in a nickel crncihie which 
forms the anode, in which 30 to 40 gms. KOH are kept in fusion, o.i 
to 0.5 gm. of the powdered chromite is brushc^d from a watch glass into 
the surface of the melt. A platinum cathode is inserted, and the cruci- 
ble covered ; complete decomj)osition usually seems to result in 15 min- 
utes, but for sifely 30 to 40 minutes is recommended. Before interrupt- 
ing the current, it is well to reverse it by means of a commutator in 
circuit. The current should not exceed one ampere. The iron is de^ 
posited on the platinum cathode, while the melt contains the chromium 
as chromate. Cool, dissolve in water, filter, and determine giavimetri* 
cally or volumetrically. 

SeparaHonof TiUttdum, Haas {Fres, Zts. Anal. Chem.^ ) reports the 
results of investigations on the subject, the method used being the heat- 
ing of mixed oxides in a tube of hard glass through which a current of 
hvdrogen is pa.ssed. Titanic oxide is not rendered soluble by this uicans, 
whereas tin or iron are reduced to the metallic state, and can be ex- 
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tracted l)y dilute HCl. The remainining TiO, may be rendered soluble 
by fusion, with bisulphate, or better by fusion with K CO,. SiO, if 
present, should be removed by Hl'l, previous to the iiyurogen treai- 
ment. 

Separation of Man^ane^e and Zinc. Jannasch and Mc Gregory ( J. 
Prnkt. Chan. N. F., xbii., 402) have experimented on the use ot H„0_. 
in an ammoniacal solution. They find that unless the solution contains 
large amounts of NH^Cl and ammonia the separated MnO, will carrjr with 
it some zinc. Where enough of those reagents is used, the separation is 
complete. 

Separation of Iron from Cobalt and Nickel. Le Roy ( Comptes Rend.^ 
cxii. , 722). The solution of the metalij in the form of sulphates, receives 
the addition of a little citric acid, and then a large excess of solution of 
(NH^).^S04 containing free ammonia. The electrodes of a battery 

affording 300 r. c. of gas per hour) are then intniduced. Manganese if 
present is dejtosited on the -f- electrode Mn( ),, the other metais in 
metallic form on the — electrode. When this deposition is complete, 
the — electrode is removed from the solution, and after washing is made 
the + electrode in a concentrated solution of pure (NH^^SO^ super- 
saturated with ammonia. (The current should he of a strength to give 
100 c. c. of gas per hour ). The Ni and CO, are transferred tiy the cur- 
rent to the — electrode, while the iron assumes the foru) of ferric 
hydrate suspended in the solution. When filtered off it is found to be 
from Co or Ni. 

Iron and Alumina in Phosphates. Shepherd i Chem. AVa-jr, Ixiii., 
251; gives a modification of Glaser's process (z'/V/^- Quarterly, xi., 273), 
using HCl only as the solvent, and using less H,SO^. He also recom- 
mends the determination of P,0, in the precipitate after ignition and 
weighing. His method is: Dissolve 2.5 gms. in 10 c. c. HCl, evaporate 
to dryness, take up with HCl, t)oil, nnse into a 250 c. c. flask with as little 
water as possible, add 10 c. c. concentrated H,SO^ and let stand 5 minutes 
with frequent shaking. Fill up to the mark with alcohol (95 per cent.) 
so that-when cold and well mixed the bulk is 2 50 c.c. I«et stand one hour, 
filter off 200 c. c. and evaporate to small bulk, dilute to 50 c.c. or over, 
boil a short time with Br. and precipitated with ammonia, wash with 
NH^Cl solution. Ignite, weigh, redissolve, determine P,Oj, and deduct. 

Teschcmacher and Smith note thai in case Mg is present in the sample, 
the precipitate of iron and alumnia phosphate must be boiled once or 
twice with NH«NO« to remove it. 

Stpa ration of Titanium, Chromium^ Aluminum, Iron, Barium and 
Phosphoric Acid. Chatard. {Amer. Chem. Jour., xiii. 106). In rock 
analysm the silica and other bases are determined by ordinary methods. 
To separate and determine the above compounds, 2 gms. of the pulver- 
ized rock are treated with FI.SO, d : » ) and HFl in a platinum dish, 
and heated forsometime until all HFl has been expelled. A few drops 
of HNO, and more HFl is then added, and it is again heated to expul- 
sion of HFl. Then 25 c.c. HCl (1:5) is added and heat is applied 
until the most of the HCl has been driven out. The entire contents of 
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the dish is then transferred to a beaker, the bulk of the solution brought 
to about 250 c. c. and after standing some hours it is liltcred. 1 lie in- 
soluble portion consisting of BaSO^ together with undecomposed mineral, 
is fused with Na,CO, leached with water, and the barium dissolved from 
the residue by HCl, from which it is precipitated HfSO, for weighing. 
The filtrate and the solution from the Na.,CO, fusion of any tindtvom- 
posed mirirral are added to the main solution. This sdI iti M^ i> rt n- 
dered alkaline by ammonia, the just a<:id by HCl, and tinally a iutk 
acetic acid and a slight excess of ammonia are added, and it is brought 
to a boil. The object here is simply to get rid of the lime and magnesia 
and the accumulation of salts. 

After dissolving the precipitate in HCl, the solution is evnf>or.ited 
finally in a large platinum crucible, to a pasty condition. After adding 
a little water, dry Na,CO, is carefully stirred in, and the mass is dried, 
and finally fused for half an hour. Then a little NaNO, is added, and 
it is fused for not over five minutes ; after cooling, leach out with water. 
In the insoluble portion, after dissolving in HCl, the TiO, is determined 
by Gooch's metiiod. I'he filtrate is heated and ammonium nitrate cau- 
tiously added until no further preciditaiion of alumina occurs. The 
precipitate contains the phosphoric acid, but not all of the alumina. 
The molybdate separation may be used. In the filtrate containing 
chromic acid and alumina, the Baubigny method of separation is applied 
(bicarbonate^ to remove the last of the alumina. 

Tracts of Copper. Thorns. (/. Pkarm,^ [5], xxiii., 37) found that 
distilled water containing i : 200,000 of Cu gave no indications with 
ammonia or with ferrocyanide, but on adding a little KI, a faint yellow 
color developed, which gave a distinct blue with starch. 

Separation of Copper from Cailmmm. Warren {Chem News, Ixiii., 

195 ) suggests the reversed use of the Fehling test. To the nitric acid so- 
lution is added Rochelle salt, followed by NaOH, and tlun a dilute 
solution of glucose in small quantities at a time, boiling between each 
addition, until no further precipitation ensues. Cd may be separated 
from the filtrate by H,S. 

Dwohnng Mercury in toxicological examinations. Lecco {Berichte 
xxiv., 928) finds that Hg is only very slowly attacked by UCl with 
KCIO,. 

Determiuathn of Mercury. Volhard {^Ueht^s AniialeH, cclv., parts 
I and 3) states that HgS dissolves in caustic alkalies io presence of alka- 
line sulphides, from which solution it can be precipitated by boiling 
with ammonium nitrate. The solution containing the mercuric form is 
nearly neutralized with Na,CO,, then completely precipitated by am- 
monium sulphide, preferably freshly prepared and strong. NaOH solu- 
tion (made from Na) is added to redissolve, and then NH^NO, added, 
and the solution boiled until nearly all NH, is expelled. 

Arsenic in MtneraiSf etc. Clark ( /. S, C. /., x. 444). By distilling 
AsjSg with concentrated solution of Fe,Cl, and strong HCl, all the As 
was obtained in the distillate. The method can be applied directly to 
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all minerals containing arsenides or arsenir >^ii1nhides. In presence of 
organic material ihe addition of slips of copper pro<luces the conditions 
necessary for the volatilization of the AsCI,. When zinc is present or 
metallic iron (as in pig-trons7some AsH, is evolved. The most conve- 
nient method of management is to first dissolve the metal in dilute 
H,SO^ passing the gas through Ag.^SO^, filter off the precipitated silver, 
and mix the filtrate with the undissolved residue containing the rest of 
the As, and distil with Fe,Cl, and HCl. 

Vanadium in Mintrab, L*Hote i^Ann. ChvH* Phys.^ [6], xx., 409) 
mixes the finely pulverized mineral with carbon. If arsenic is present, 
remove by igniting out of contact with the air. introduce into a tube, 
heat the tube in an oil bath to 300° and pass a current of dry chlorine 
and conduct the gases into water. VdCl^ in contact with the water 
gives a red deposit of vanadic acid. Dissolve by H^SO^ and Zn and 
titrate with permanganate. 

Qualitative Analysis by Electrolysis. Kohn {J. S. C. /., x,, 327) de- 
scribes the method of testing for some of the metals. The methods may 
be thus summarized : 

Metal. Coiulitiotis — Solutions. Current = c. c. gpis. Time ret^uired, 

Sb I^S.Decomposepolysulphidcs ) , e to * c c i hoiir 
by warming with H,0, j «> « c.c. i nour. 

Hg acidify with HNO, 4 to 5 c.c. ^ hour. 

Pb HNO, solution, 1 - »a , ^ r , hnnr 

(NHAC,0. soh.t.on J at0 3C.c. ihour, 

Cu HNO3 or HjbO^ solution 



Ag 
Au 



I KCy solution ito i.5c. c. i hour. 



From UN O3 solution the lead is deposited as PbO, on t lie positive 
electrode, in all other cases (including CNHJjCjO, solution of lead) the 
metal is deposited on the negative electrode. The delicacy of all these 
tests is stated to be i in i ,500,0001 except copper which is put at t in 
3,ooo,oco. Urine in the solution diminishes the delicacy, and requires 
a longer time. 

Electrolytic Determination of Copper. Croasdale {Jour. Anal, and 
App. Cht-m.^ X., 184) continues his artirle on this subject, giving brief 
descriptions of methods of separation from almost all the other metals, 
as described by various authorities, supplemented by his own experi- 
ments. 

Electrolytic Determination of Mercury. Smith {Jour. Anal, and 
App, Chem., x., 202). Solution of the sulphide in fixed alkaline sul> 
phide was used. Strength of current 2 c. c. gas per minute. Alone, or 
when in solution together with As or Sn, the Hg was completely sepa- 
rated. 

MkctrofyHc Determination of Gold. Smith {Jour. Anal, and Aj^* 
Ckem., v., 204). Separation from Sn were not achieved by the methods 
tried, but successful separations from As, Mo, W and Vd were effected. 
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EUctrolytic Separation. Smith {Am. Chem. Jour., xiii., 417) gi%'es 
an account of experiments in clectrolyzing cyanide solutions, describing 
the conditions for separating Au alone and when mixed with Cu, Co, 
Ni, Zn and Pt solutions, also for the separation from Pt of Ag, Cd and 
Hg. The currents used afforded from o.s to i c. c. of gas per minute. 

EUcttolytu Separaiion of Rhodium. Smith ijoui n. Anal, and App. 
Ckm., v., 201). A solution containing Na„Rh,Ll, together with 30 c, c. 
Na,HPO^ (Gr. 1.0358) and 3 c, c. i)hosi)horic acid (Gr. 1.347) was 
found to l)c the best. The current afforded 1.8 c. c. gas per minute. 
The metal was completely deposited in seven hours. 

EUeirofym in Sulpho^Cyanate SohUhas. Frankel {Jwr. FrankUn 
Insi.t January, 189 1), has investigated this subject and finds that Hg 
and Au can be readily separated riuantitatively ; Cd and Bi are de|>osit^ 
in a spongy form ; Sb is deposited in a non-adhcrcnt coat ; Pd, Ni, Co and 
Zn arc fir&t deposited and then dissolved by the action of the current. 
Results were quite unsatisfactory for quantitative estimations of Fe. M n, 
Pb, and Sn by this means, 'fhe strength of current used was about 
I c. c. of gas per minute. 

Sulphur in CoaL Neilson {Chem. NewSf Ixiii., 192) reports compara- 
tive results by six different methods on the same sample (a hard coke). 

The method by mixing i gm. of the sample with 2 gms. CaCO, in a 
platinum (ii>h, heating to low red ijntil the carbon is l>iinied cfT, then 
dissolving with water with addtiion of Br water and Hc^l, boiling, fil- 
tering and finally precipitating with BaCl,, gave higher re>.uits tlian t.je 
Others (heating with MgO, or fusion with alkaline nitrate and carbon- 
ate), but accorded well with a new method which is described. It con< 
sisrs in heating 1 gm, of the coke mixer! with 2 gms. Na,CO, and 0.5 
gm. MnCO^ to low red nntil the carbon is burned off. It is then fused, 
extracted with HCl, evaporated to dryness, filtered and precipitated as 
usual. A blank test for correction of the results is neces:iary. 

Determining Suiphur. Treadwell (Ben'chte, xxiv., 1937) recommends 
to heat to low red the substance mixed with pure iron ((crrum reduc- 
tum, iron by hydrogen) for about 10 minutes in a current of CO,, which 
affords FeS. By treatment of this product with HCl in an atmosphere 
of hydrogen, all S is evolved as H,S, which may be passed into ammo- 
niacal H.,()_,, and determined as BaSO, or estimated iodometrically, etc. 
The S in HaSO^ may i)e determined by this means, though longer heat- 
ing is required. The method is intended only for application to mineral 
sulphides. 

Rusted Pig-iron Driiiings. Donald {Nnvs, Ixiii., 73) found that by 
rusting, some combined carbon, but more of the graphite was lost. 

CrrZ-^n Monoxide. Berthelot (Comptcs Rendus., ( xii., No. 12} finds 
that ammoniacal silver nitrate is quickly reduced by this gas. 

Kjeldahts Method far Niir«gen, Kebler {Jour, Anal, and App. 
Chem.t v., 257) gives an index to the literature on the estimation of 
nitrogen, more especially the Kjeldahl method. 



Digitized by Google 



ABSTRACTS. 341 

Nitrogen iu Wafer. Wagner ( Jour. Phar. Chim., xxiii., 5) applies 
the Kjeldahl method thus : Nitrates and nitrites are first reduced to 
ammonia by the zinc copper couple and H,SO„ in 500 c.c. of the water, 
until there is no reaction for HNO,. The water i« then evaporated to 
about 5 c.c. Then 0.5 gm. CuO and 10 c.c. of 6 parts ordinary concen- 
trated H,SO^ with 4 parts filming sulphuric acid arc added, and the 
operation carried through as ubual, except that Kochelle salt is added, 
together with the alkali, when the NH, is to be distilled off for titration. 

Analysis of Nitrates. Ulsch {I'res. Zts. Anal. Chem., xxx., 175) re- 
gards methods involving the use of metallic zinc, and determination of 
the ammonia formed, as faulty, since with zinc there is some loss of 
nitrogen. He prefers to use metallic iron with dilute H,SO«, which 
gives no nitrous acid. Iron which has been reduced by hydrogen he 
fbund most satisfactory, though some kinds of iron filings worked well. 
He notes that a reduction to ammonia is effected, even if the nitrate 
solution is added after all the metal has dissolved. He describes also a 
method for the determination of nitrate, by measurement of the deficit 
in hydrogen evolved by a known amount of iron. 

Estimation of Nitratt-s. McGowan {Proc. Lond. Chem, Soc, No. 97, 
p. 84). In an apparatus from which the air has been expelled by CO,, 
the nitrate is warmed with an excess of concentrated HCl. The reac- 
tion is HNO, + 3HCI -» NOCl + CI, + sH,0. The gases are passed 
through KI solution and the liberated iodine titrated. AU three CI 
atoms react upon the KI while NO escapes. 

AV rates tn PotabU Waters, Harrow {J. Lond. Chem. Soc.^ lix., 320) 
offers the following method : A beaker containing 50 c.c. of the water 
is placed on a sheet of white paper, side by side with others containing 
known amonnts of nitrate. To each is added 10 c.c. of a solution 
(made by dibsoiving 1 gm. (alpha) naphthylamin, i gm. sulphuric acid, 
and 25 c.c. HCl in about 200 c.c. boiling with a little bone-black, filter- 
ing and diluting to 500 c.c.) 0.007 to 0.008 gm. zinc dust is added to 
each beaker. At the end of 15 minutes the colors can be compared. 
The reaction, of course, consists in the formation of nitrous acid, and 
the reaction of that substance, as in Griess' test. 

Nitrates in Water, Bartram {Jour, FrankHn Inst,^ March» 189 1) finds 

that in the phenol sulphonic acid method (Grandval-Lajuux), when the 
reagent is freshly pre[>ared, the results are unaffected by the prest-nre of 
chlorides in the water, but if the reagent has stood for some tune, the 
influence of the chlorides, especially when proportionately large to the 
amount of nitrate, causes results to be so per cent, or more too low. 

Ni f rates in Wafer. Hazen and Clarke {Jour. Anal, and App. Chem.^ 
v., 301 ) fmd that the phenol sniphonit process gives low results, especially 
when much chlorine is prescni. The colors could not be matched by 
solutions of picric acid. The compound formed seems to match more 
closely (though not exactly) the tints obtained with ortho-mono>nitro- 
phenol. 

The aluminum process was more satisfactory. The hydrogen evolved 

VOL. XU.— 23 
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may in practice carrv off 2 per cent, of the ammonia. For niosi waters 
it wai> found thai ihe boiution could be nesslerized directly, without dis- 
tUlation. The amount of nitrate redoced is proportional to the Al 

dissolved, whatever the bulk of the solution. The higher the tempera- 
ture the less Al rcquircc!. When the NaOH < ontninec! Zn it was less 
efficient. With natural waters the action was slower than with distiUed 
waters. Al foil, 0.005 inch thick, was found to be the best form. 

Analysis of Dynamite ^ etc, Scheiding {Zts, angew. Chem.y 1890, 
614). Extract with ether. This removes nilro-glycerol, — evaporate 

off the ether at ordinar\- temperatures, dry over HjSO^ and weigh. 
Heating must be avoided as the oitro glycerol will volatilize perceptibly 
even at 40° C. 

A determination of the moisture in the residue^ is usually all that is 
required with dynamite. In blasting gelatine, however, it may be nec- 
essary, after removing nitro-glycerol, to extract nitrate (and possibly 
other salts) with water ; then re-dry and extract lower nilro-cellusoscs 
by ether and alcohol (2:1) and finally trinitro-cellulose by ethyl acetate. 
The residue may be examined for sawdust, chalk, magnesia, barytes, etc. 
The last is reckoned as an adulterant. 

If other nitro compounds than nitro-glycerol are extracted by ether, 
determine the nitro^nitrogen by Schultze's FeCl, process. 

Determination of Oxygen. De Koninck {Zts. ani^rrv. Chem.y 1891, 
78) has investigated Wanklyn and Cooper's suggestion as to the 
method with NO. Theoretically the reactions should be aN0+O,=: 
2 NO, and 2N0,-f H,0 = HNO, + HNO,. By experiment, however, 

it appeared that this reaction only, did not occur. The amount of con- 
traction was not constant, nor in accordance with this theory. 

Estimation of Oxygen. De Koninck {Zts. angew, Chem., 1890, 727) 
uses as an absorbing solution a mixture of FeSO^, Rochelle ult, and 
KOH solutions. He makes up: A. 40 gms. FeSO^ in 100 c.c. water, B. 

gms. KNa(\H/)g in 100 c.c. and C, f)o gm« KOTI ;n 100 c.c, then 
adds one volume of A to five volumes of B. A while precipitate forms, 
which is dissolved by adding one volume of C. Unless mixed in this 
manner, a clear solution is not obtained. The solution should be clear 
for use. 

Ana/ysis of I/iurninafini:; Gases. Lewes (y". S. C. /., x., 407) reports 
interesting investigations on the subject. He finds Stead's apparatus to 
be the most satisfactory, and uses two, one with mercury, the other with 
water. Both must be accurately calibrated. His procedure is: ist. 
CO, and H,S are absorbed by a 50 per cent. XaOH solution, agitating 
for 10 minutes. With gases containing over one per cent. COg and of 
HjS the absorption must be done over mercury. 

2. O — absorbed by alkaline pyrogallate. Allow full ao minutes with 
agitation. The solution must not be too freshly made, nor should it 
have been used more than three or four times, since CO is given off after 
a certain proportion of O has been absorbed. 

3. Unsaturated hydrocarbons, — absorbed by Br in KBr solution with 
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gentle agitation for 15 minutes. Absorbs tbe Br vapor by NaOU before 

measuring. 

4. CO — absorbed by acid Cu,Cl^ Agitation for ao to 30 minutes. 
This estimation is the least satisfactory of any, it being exceedingly dtf* 

ficult to absorb the last f>ortions of the gas. 

5. Saturated hydrornrbons — partially absorbed by parnffin oil, by 
agitation tor 30 minutes. Ethane, butane, etc., are entirely absorbed, 
^periments showed, however, that only about two-thirds of the me- 
thane was absorbed. 

A portion of the remaining gas is run into the mercury endiometer, 
measured, mixed with excess of oxygen, and exploded. The CO, 
formed absorbed by NaOH then gives the volume of methane unabsorbed 
by the paraffin oil. The taps of the apparatus should be held in place 
by rubber bands, as the shock tends to loosen theni, and cause leakage. 
The pressure must not be too much reduced before exploding^ or the 
combustion will he incomplete. 

6. Absorb the remaining oxygen by alkaline pyrogallale, take the 
residual gas as nitrogen, estimating hydrogen by difference. 

For acetylene and H,S Winkler's method is used — passing the gas 
through two absorbing bottles containing concentrated ammoniacal 
silver nitrate. The precipitate is filtered and washed and then treated 
cautiously with dilute HCl. The AgCl in the precipitate is dissolved 
out by ammonia and precipitated by HNO. i gm. AgCl = 0.09068 gm. 
acetylene or 78.0314 c.c. The residue insoluble in ammonia, should be 
oxidized, and the sulphur determined gravimetrically, especially if the 
gas contains much CO, which also precipitates silver sohition. For 
sulphur compounds other than H,S, the gas after leaving tlie silver solu- 
tion must be passed over platinized asbestos or pumice heated to 400° 
C. which converts them to H,S in the presence of hydrogen. This is 
passed into lead solution and estimated in the usual way. 

Prof. Lewes also gives a paper on the analysis of the products of in- 
complete combustion. (/^. p. 413.) 

Mineralogy, by A. J. Moses. 

An EspEaAL Arrangement of the Wollaston Goniometer.* 

** In laboratories, the measurement of diedral angles of crystals is 
ordinarily made with the Wollaston's goniometer, using with it, as a 
luminous signal, a horizontal ^lit in a screen which covers a gas flame. 
As a point of reference, use is made of any line whatever in the plane 
which is perpendicular both to the horizontal slit and to the axis of rota- 
tion of the goniometer, or, which is a great deal better, of the image 
of the slit itself in a small mirror fixed at the base of the goniometer; 
the mirror being so arranged that its plane is parallel to the axis ot rota- 
tion of the goniometer.'* 

<' The measurements are effected by two classes of errors ; those due 
to the almost inevitable variation of the position of the eye during the 
measurements : the other, generally more considerable, results from the 
impossibility of placing the crystal in such a manner thai the axis of 



* The worie of tmnslation was in pait performed by Mr. L» M.Laqiter. 
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rotation shall be exactly included in the plane which bisects the diedral 
angle to be measured.* 

** These two errors are annulled when the distance from the luroinous 
signal to the crystal is infinite. Practically, this distance can but little 
exceed a few metres, which makes possible errors of four to five minutes." 

*' For very prc( isc measurements a poniometer with a vertical axis 
is used, upon which are installed a culiiuiaiur, the luminous slit of 
which serves as a signal, as well as a telescope provided with cross hairs 
by the aid of which the images reflected from the crystal faces are 
observed. This arrangement eliminates the two fundamental errors 
which we have described, but it makes the measurements much too difficult 
and too tedious. Not only does the interposition of the telescope 
between the crystal and the eye cause the loss of a great deal of light, 
but more especially it makes that moat delicate and tedious portion of 
the measurement, the orientation of the crystal on the axis of rotation^ 
much more laborious." 

•'To combine as completely as pc^ible the precision of the gonio- 
meter with a telescope with the ease of manipulation of the ordinary 
Woliaston goniometer.** Mallard uses the following arrangement : 

" This consttts essentially in substituting for a luminous signal, 
placed as far as possible from the goniometer, a luminous slit placed 
at the focus of a large lens, and thus forming a true collimator that 
can be placed very near the goniometer. The ordinary mirror of the 
goniometer is adjusted with reference to the crystal in such a manner 
as to receive the luminous rays emerging from the collimator at the same 
time ns the crystal does. The image of the luminous slit reflected by the 
mirror, is taken for a line of reference.** 

" Since the luminous signal and the line of reference can both be con- 
sidered as at infinity, the errors of parallax are eliminated. The meas- 
urements are made with as great ease as in case of an ordinary (Wolias- 
ton) arrangement. Resides, the light reflected by the crystal faces is 
n.ore intense, and all the apparatus, comprising the goniometer, the 
luminous signal and the line of reference are included in a small space. 
The details of ihe arrangement are represented in Fig. i.'* 

*< L is the lens of the collimator, which ought to be so large that while 
the central portion of the ray falls upon the crystal, A, the mirror, M, 
may also receive a portion of this ray." 

I use a lens of o. lo m. in diameter. It docs not need to be perfectly, 
achromatic. It is sufficient that* the central part of the ray, which falls 
on the crystal should be so. The image reflected by the mirror, is 
n^ade achromatic by colored glasses placed before the mirror." 

" C is the cylinder of the collimator, blackened on the inside ; it is 
supportul by two groved u|>rights, O, between which it can slide and 
to which it can be fixed by clamp screws. When necessary it is possible 
to so arrange that the cylinder can be inclined from the horizontal by 
turning around on axis, carried by the screw q \ but this is not indis* 
pensable." 

"The cylinder is closed by tiie lens, L, carried by a tube which 
fits closely in the cylinder, C, and is fixed by means of the clamp 
screw, r, when the rear end is exactly in the fooil plane of this lens." 



f See for deUils Mallard's Tiraitt dt CtytHMegrapkif, i., 221-126. 
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** The rear end is closed, with the exception of quite a large central 
orifice. In front of this orifice, in a conveniently arranged groove, 
slides a metallic plate, R R, represented in detail Fig. 2. It carries slits 
of various forms,/, which can be successfully be placed at the 

Fig. I. 




centre of the orifice. When one of these slits is placed in this position 
a little rachet and pawl holds it there.*' 
" The slit is illunninated by a gas jet, C." 

'* For an ordinary crystal I use the slit /, Fig. 4, employed l)y Web- 
sky. When the crystal faces are dull and a great deal more light is 
needed, I use the window/'.'* 

" It is possible in the measurements to superpose the image of the 



Fig. 2. 





1 




luniinons slit, seen hy reflection from the crystal, with that of the same 
slit seen by reflection from the mirror. When this superposition is ob- 
tained the mirror and the crystalline (ace are parallel, and the super- 
position will not cease to exist if the relative positions of the goniome- 
ter and the collimator are changed in any way whatever, OF even if the 
luminous slit is displaced in the focal plane." 
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But a ( lose precision is not reached, especially when the image 
given by the crystal face is not very gooii, by superposing two images oi 
the same slit. It is better to place a little below the first slit, which I 
shall call the signa/ slit, and which has one of the forms another 
very narrow slit, /, (Fig. 2), parallel to the direction of the first, and 
which I will call the cross-hair slit. It is, like the signal, crossed per- 
pendicularly by a small and very fine slit, which ought to be the exact 
prolongation of the one which crosses the signal slit." 

" The very fine cross-hair slit does not give, usually, a clear image by 
reflection on the crystal faces, but it gives by reflection in the mirror 
a very clear image, colored !>v the glass P Ft is upon this imaj;e that 
the axis of the image ot ilic -^i-iial slit, reflected by the crystal, is super- 
posed, thus making use of the uuage of the cross-hair slit seen in the mirror 
aff a true cross hair. There is reached in this way an exactness which, 
with good crystal faces, attains easily the minute and even the half- 
minute.** 

" It is true that with this method of working the crystal face and the 
mirror are no longer strictly parallel when the crystal image of the 
signal slit is superposed upon the mirror image of the cross-hair dit. 
The position of the goniometer with reference to the collimator is no 
longer indifferent, and it is necessary that the axis of the goniome- 
ter should be perpendi ul sr \n that of the collimator. B it the ani^He 
that the crystal face makes with the mirror at the moment of super- 
position is equal to the angle subtended by the distance between the 
two slits, with the optical centre of the lens as a centre. This angle, 
which is only 2° to 3°, is small enough to allow adjusting the relative 
positions of the goniometer and collimator in< a very approximate 



manner." 



**The mirror can be inclined 40^-50'^ to the horizon, and for accu- 
racy provision is made for the slight movement necessary in adjusting. 
This adjusting, which has for its object the placing of the mirror 

strictly pirallel to the axis of rotation, is made very simply by placing 
at the extremity of the axis of the goniometer a plate with parallel 
faces, such as a very regular little (cleavage) fragment of felspar. The 
mirror is adjusted when the two images given by each of the two laces 
of the plates can be brought, by rotation of the axis of the goniometer, 
•into superpo=!ition with the image reflected bv the mirror." 

" The crystals to be measured may have very different dimensions; it 
is, therefore, convenient to be able to move the mirror while always 
maintaining it parallel to itself. There is, therefore, given to the support 
of the mirror three movements of translation perpendicular to each 
other, and of which one is in the direction of the axis of the goni- 
ometer." 

"The arrangement just described can be adapted to any goniometer, 
but the measuring becomes more easy when the crystal is supported in 
the manner suggested by Groth. The crystal, fixed with wax on a small 
circular disc, (Fig. i), can receive— and this is indisj n ble — two 
movements of rotation on two arcs of circles perpendicular to eich 
other and having their common ( entre situated towards the middle of 
the crystal, A, so that the changes of orientation of the crystal do not 
too much displace its centre of gravity. The two sliding motions are 
obtained by turning the screws v, and t^, tfT . • . . . 
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For the prop>er centring of the crystal it is convenient to fix the entire 
system which holds the crystal to two sliding planes,^ and ^, which, 
by means of the screws u and id permit giving to the crystal two move« 
ments of translation in a plane perpendicular to the axis of rotation." 

Translated and somewhat condensed from a pa]>er by M. Er. Mallard 
in Annales des Mines, S. S. t. xii., Nov.-Dec., 1887. 

Aguilarite, Genth, A^^S.A^^Se. Isometric. 

One of half a dozen pieces of supposed naumanite from the San 
Carlos mine, Guanajuato, Mexico, was pure mineral ; the others were 
more or less altered to a cupriferous stephanite. The description of the 
unaltered s|)eciinen is as follows: 

Occurs in groups of skeleton dodccahedral crystals, not over 10 mm. 
by 6 mm. in size, with only the edges perfectly developed. The crys- 
tals are frequently elongated so as to resemble tetragonal and hexagonal 
forms. No cleavage observed; H=2.5; G. = 7.586; lustre, very 
brilliant ; color, iron black ; fracture, hackly. In open tube, at low and 
then red heat, yielded metallic silver, sublimate of selenium and silky 
needles of selenous oxide. Analysis showed : 



99-75 

Named after the superintendent of the mine, Sellor Aguilar. — Amer. 
Joum. Sci,, xli., 401-40S, May, 189 1. 



Russian albites crystallographically described.— S. Glinka, iV<w«r 
Jahrbuch, 189 1, i., 218-228. 

Alvkitb. 

W. Cross describes the occurrence of alunite rock at Democrat Hill 
and'Of an alunite diaspore rock at Mt. Robinson, in the Rosita Hills, 

Colorado. The alunite rock of Democrat Hill is cellular, the cells being 
lined bv rudely tabular crystals obscured by minute quartz crystals. 
Micro><copical and chemical examinations prove the tabular crystals to 
be alunite, and the rock to be two-thirds quartz, one-third alunite. — 
Amer, fouTH. Sci.t xli., 466-*469, June, 1891. 

Alunohen. Keramohalite oi Teneriffe. 

The " haarsalz " found in the crater at the summit of Pico de 
Teyde, in the Canary Islands, is a yellowish gray-white, hygroscopic, 
coarse granular mass which consists chiefly of crystallized material. 
Crystals, mechanically separated, are small, feebly lustrous, and imper> 
fectly formed; monoclinic augite-like in form. 97^ 34' a:b:e 
: : I : ? : 0.825. 

They are easily separated by solution in water from the insoluble 
components, sulphur and various silicates \ and a very satisfactory 
analysis is possible. 





Albite. 
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SQi, , 38.62 Al,(SO,)^ . . 46.81 

AI,0^ . 13.96 Fe,(SO,)„ , . a.35 

F«ip» , 0.94 FcSOj, , , X.39 

FeO • • 0.66 Gdrre&ponding to CaSO^, , , 0.53 

CaO, . . o.aa MgSO^, . . 0.12 

MgO, . . 0.04 N«,SOii . • M3 

Na-iO, . a.37 

HjO, * . 4201 H,0, . . 42jOI 

98.82 99.64 

— Hof and Becke, Tuhermak*s Jliin* MiitheiL^ xii., 39-4B, 1891. 

Aragonite. 

Description of crystallization at Lcogang, Salzburg, and biblio- 
graphy. — ZeiLf, KrysLfTHxm,, 140-146, 1891. 

ASTROPHVLUTE. 

L. G. Eakins analyzes the asirophyllite of St. Peter's Dome, i'lke's 
Peak, Col.; the results agreeing very well with Br5gger's fommla 
'By^^\{S\0^,'^Amer.Jour». Sa\, xlii., 34-36, July, 1891. 

AWARUTTE. 

G. H. V. Ulrich on the discovery, mode of occurrence and distri- 
bntion of the nickel-iron alloy, awaruite, on the West Coast of the 
South Island of New Zealand. — i^uai I. Journ. Geolog. Soc.^ Nov., 1890. 

AXINITE. 

• 

Description of specimens from Franklin, N. J. ; Guadalcazar, Mex- 
ico, and McKay's Brook, Northumberland Co., N. S,» by F. A. Genth, 
S. L. Penfield and L, V, Pirsson. — ^^«r^. /^Mfrff. 5lri., xli., 394-397, 
May, 1 89 1. 

AZt7IUTB. 

Measurements of crystallized azuiite from Arizona. O. C. Far- 
rington. — Amtr.Jcum* Sct\t xli., 300-307, April, 1891. 

Barite. 

Study of mode of occurrence and crystalline form of the barite of 
the HUttenberger, Erzberges. — TschermeUi's Min, Mittheil^ xii., 62-81, 
1891. 

Bernardinite. 

Originally described as a fossil resin, later as a recent resin, is now 
shown by J. S. Brown to be a fungous growth enclosed in resinous ma- 
terial. — Amer^Jaum* S^i,, xlii., 46-50, July, 1891. 

Bertrandite. 

M. L. Michel reports the discovery of this species at Limoges^ 
Haute Vienne. — S<?c. Franc, Min.^ xiv., 76, March, 1891. 
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Calcite. 

** Contrihtitions to knowledge of crystalline form of calcite," de- 
scribes calcites of Reidlingen, TUilingen, Badenweiler, Kandern, D6- 
gern, Waldshut, St. Blasien, Uffhausen, Kaiserstuhl. Munsterthal, Hau- 
sack, S. Wenzel, WoUach, and Schapbachthal.— 'F. Sansoni, Gwrnaie 
di Mineral^a^ i., 299-316, 1890. 

Celestite. 

Desrri[>tion of crystallization at Leogang, Salzburg and biblio- 
graphy. — Zeit./. Kryst.t xix., 153-161, 189 1. 

COLUMBITE of the Black Hills, S. Dakota. 

W. P. Blake, Amer,Journ, Sci.^ xli., 403-405, i^iay, 1891, crystal- 
lographic study by S. L. Penlield. 

CORYNITE. 

Laspeyres considers it to be a normal ullmannite with considerable 
but varying admixture of gersdorffite. — ZeiLj, KrysL, xix., \i, 1891. 

Datolite. 

Study of a crystal from Andreasberg. — K. Busz, Zat. /, Kryst.^ 
xix,, 21-24, 1891. 

DiASPORE of the Rosita Hills. 

With the alunite rock of Mt. Robinson there is much of a rough 
finely cellular rock composed of bluish quartz and irregular grains of 

some transparent colorless mineral with notircably brilliant cleavage. 
Chemically and o|)ti( ally it agrees with diaspore and the subsequent 
finding of clear prismatic crystals proved its identity (the crystals are 
described by W. Melville, pp. 475-477). W. CrosSy Amtr. Journ. Sct\, 
xli., 469, June, 1891. 

Dolomite. 

■ 

Cr\'stallographic study by F. Becke, Tschfrmik' s Mittheil.^ 1888, 
X., 93 and 1890^ xi., 321-224. Abstract in ZeiL /. Kryst., 1891, xix., 
189-196. 

Description and bibliography of dolomite of Leogang, Salzburg. — 
Zeii,/, Krysty xix., 139-140, 1891. 

* 

£iU>EllITE AND HBLIOPHYLLITE. 

The distinction between these two closely related species was said 
to be that ckdemite was tetragonal, nnd heliophyllite orthorhombic. 
Hamberg finds that the heliophyllitt of Harstig, consists of two types, 
in one of which, the larger tabular crystals, sections parallel to the base 
show alternating lamellse of uniaxial and biaxial material crossing at 
right angles, the other type, which consists of acute tetragonal pyra- 
mids, show, in similar section, a uniaxial groundmass with streaks of 
biaxial material in various directions. 
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Also a thin plate of Nordcnskiolds ekdenutt* of Langban proved 
not to be homogeneous, but showed the biaxiai streaks corresponding to 
type a. Hamburg therefore holds that no optical ground exists for the 
separation of the species. 

As to the slight chemical difference the author compares the already 
known analyses with two of his own. 



PbO, . 

FeO + MnO, 
CaO, . 

Sb,0„ . 



Norder'>ki(">ltJ Flink Hanibere 

ekdeniitc of L-ingtjan. scxjtllcd hcliophyUite o^lfamiR. 

1 jIk: No. I, Type No. 

83.45 80.70 81^3 80.99 

0.54 0.07 0.16 

0.08 0.1 1 

10.60 11.69 10.85 10.49 

0.56 1.38 

800 8X0 8.05 7.96 



102.05 100.93 100.64 101.09 

O, . . • . 1.80 \Xo 1.80 1.79 



100.25 99.13 98.84 99.30 

Flink's and Hambergs' analyses compare well and lead to a^ formula 
intermediate between those given for ekdemite and heliophylUte» viz. : 

These analyses appear to indicate that the two types of heliophyllite and 
the ekdemite are practically of the same composition and as their opti- 
cal differences are not irreconcilable (possibly due to pressure), a sepa- 
ration is not necessary. The name ekdemite has preference. — Zeit,J. 
Krysi,^ xix., 105-107, 1891, 

ENARGITE. 

Crystals 2.5 c. m. long and 1.5 c. m. wide from Cerro Blanco mines, 
Atacama, Chili. — Zat,/, Kryst,^ six., 76, 1891. 

Episphaerite, Kftop. 

White radiated fibrous globes on natrolite in the phonollte of Ober- 
schaffhausen. — Zeit./, KrysL^ xviii., 668, 1891. 

EuDf ALYTE from Magnet Cove, Ark. * 

Analysis and crystalline form, Genlh and Fenfield, Amer.Journ, 
Sa\, zli.. 397, May, 1891. 

Falkbnhavnite, Schariter, CugSd^^ 

A new steel-gray mineral with black streak, of the wittichenite 
group. P'ound on a single specimen from Fiedlergange, Joachimsthal^ 
associated with chalcopyrite and siderite: 

S. Sb. As. Bi. Cu. Fe. Zn 

a6i2i 23.10 4.77 0.3a 39.51 4.20 1.89 roo.oo 

quartz, magnesia and carbonate of iron were deducted.— ^a^r^. Ge^l 
JReuhs., xL, 433, 1890. 
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Sandberger points out its relation to annivite, states that it is identi- 
cal with the mineral which Vogl calied tennanite from Geistergange, 
Joachimsthal and that both Schartzer's and Vogl's mineral could well 
be classed under the name annivite, a variety of tetrahedrite. 

FulkenhajmUeC' 4 Annivice. 

35.760 S, 96.42 

Sb. 24 299 9-5^ SbjSO Sb, 9.79 3 85 Sb,S,) 

As, 5.018 3.21 1 As.^S, I 12.848 As, 12.20 8.48 As,S, > 13.59 

Bi, 0.337 0.077 I<i,S, } Bi, 5.50 1.26 BijS, ) 

Cu. 39.770 10.036 Cu,S ) Cu. 39.57 9.98 Cu,S) 

Fe, 2.826 1.614 F,S \ 12.629 f'S 2^ FeS \ 13.52 

Zn, 1.990 0979 ZnS J Za» a.a4 i.io ZnS j 

25.477 27.1 1 

— Nates. /ahrlf./. Min., 1891, i., 274-375. 

Fayaute. 

Lacroix describes small crystals of fayalite with biodte, magnetite, 
and hypersthene implanted on orthoclase and tridymite in the volcanic 
enclosures of the trachytes of Capacin Mont Dore. — Soe, Franc, 

Min., xiv., 10-14, January, tSqi. 
A ten pound mass of fayalite from Cheyenne Mt., Colorado, yielded; 

SiO^ 27.66 

FeO, 65.94 

MnO 4.17 

CaO, a47 

98.24 

— Amer,/ourH, Sei., xlt., 439, May, 1891. 

Fergusonite. 

Hidden records these four localities: Near Amelia Court House, 
Va., small crystals on orthite; near Storeville, Anderson Co., S. C, 
with zircon, columbite, garnet, etc.; near Spruce Hill, Mitchell Co., 
N. C, altering crystals with atlanite and cyrtolite ; near Golden P. O. ; 
Rutherford Co., N. C, in the gold placers. — Amer,/ntra, Sct\,x\i., 
440, May, 1891. 

Ferronatrite. 

AT.ickintosh's * sulphate of iron, called by him ferronatrite, proves 
to be identical with the gordaite of Frenzel, the name ferronatrite hav- 
ing priority. Frenzel states that he was misled by the description and 
percentage of water. Ferronatrite from Chili is pale, whitish green, 
radiated like wavellite, a«;sociated with copiapite and coquimbite, and 
yields 5 is molecules water at no® C. 

Gordaite from Sierra Gorda, near Caracoles, Chili, is in white, broad 
tabular, usually cleavable masses, intergrown with sideronatrite, yield- 
ing no water at 100° C. 

The determination of Genth and Penfield,tof ferronatrite from Sierra 

• Amtr. Jour, Set,, 1889, xxviii., 244. f /iia^., 1890, xl., 202. 
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Gorda in white cleavable masses, probably hexagonal, led Frenzel and 
Arzruni to a re-examination of Gordaite, with the result that Frenzel 
admits its identity with ferronatrite, with the formula 3Na,S04, Fe,(SO,), 
+ 6H,0; and Arzruni describes the crystals as short, columnar or 

needle-like, undoubtedly of rhombohedral form a : r: i. : 0.55278 ; 
with cleavages parallel to the prisms of the first and second order, t'nis 
giving frequently the rectangular forms which misled Frenzel — Zeit /. 
Kryst., xviii., 593-398, 1891. 

Fluocerite. 

The analyses of the common compapt variety led to the formula 

(Ce,La,Di),0 (F,OH), or suggested a basic fluoride of the sam« bases, 

which had betn sulijected to the commencement of a decomposition by 
the interchange of fluorine and water. The crystalline form had only 
been appro.ximalely determined by optical methods. 

M. Weibull obtained last year two rough crystals in the quartz of 
Osterby, Delarne, Sweden, which he separated from the quartz by hydro- 
fluoric acid. The faces were plane, but too rough for inensurement, 
except by the contact goniometer. The crystals were hexagonal pris- 
matic ; one showed both prisms and a face of the second order pyramid ; 
the other crystal showed one prism and a trace of the other, and an 
unmistakable basal cleavage. The approximate ratio : ^= i : 1.06 
is given. — Z«U* /. Kryst*^ xviii., 619, 1891. 

Garnet. 

Yellowish-brown lustrous crystals from Rothenkopf, Zillerthal, 
showed the ntw face 853. — Zeit./. Krysf.^ xix., 188, 1891. 

Pink Grassularite from Xalostoc, District of Cuautia, Moretos, Mexico. 
C. F. De Landero, Amer.Jaurn, SeLy xli., ssi'-jij, April,f S91 : 

SiO,, 40.64 
Al./)^ 21.48 

^V>1 '.57 

CaO 35.38 

MrO o 75 

MiiO.BaO, trace. 

Insol, 

99-^ 

G., 3.516; H., 7.5; fusibility, below 3; for.Qula (Ca.Mg),(Al,Feg) 
SigO„; form, ooO. 

AlmandtU ot Fort Wrangel, Alaska. A, F. Kountze, Ibidf 332-333, 

Mc«n of AiiHly8«fl. 

J>'0, 3929 

A 1,03 ai.70 

FCfOg, ••••••i trace. 

FeO 30.8a 

MrO 5.«6 

CaO 1.99 

MnO, 1.51 

100.57 
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Mflanitt'. R. Soltman analyzes a melanite from Oberrothwcil in 
Kaibersiiilil, which contains ii.oi TiO, and 1.28 ZrO,. and in which 
the sum of tlie dioxides exceeds the limits of the garnet formula, making 
Che part played by the titanium uncertain. — Ziit, f. Kryst^ xviii., 628, 
189Z. 

Glaslkite, Knop. 

A brownish yellow, glassy coating, from the cavities of the Lim- 
burgite of Sasbach, apparently consisting of uniaxial columns. — Zcit,/, 
Krysi.^ xviii., 668, 1891. 

GUELINITE. 

L. V. Pirrson presents a crystallographic and chemical study of the 
pnu-linite of Nova Scolia and suggests that Streng's theory as to the 
identity of this mineral with chabazitemay be accepted if we assume 
that the large replacement of lime by soda in the gmelinite lengthens 
somewhat the vertical axis ; and notes that in the Five Island material 
where the difference in axial ratios is greatest the soda is in highest per 
cent. — Amer* Jour, Sti,, xlii., 57-63, July, 1891. 

Gkiphitk, /r. F. IJtadden. R^P,0^^? Amorphous. 

Occurs in kidney-shapfl masses sometimes weighing over fifty 
pounds. H. = s.5; G. = 3.401 \ lustre resinous-vitreous, color, dark 
brown, in thin flakes translucent and yellowish^brown ; fracture, uneven 
to conchoidal ; brittle. Fuses easily in tlie flame of acandleand reacts 
for Mn. Fe. Na. before the blowpipe. Readily soluble in acids. Mean 
of several analyses is : 



Halotrichite. 

From Elk Mt. , Pitkin County, Colorado. E. H. S. Bailey.— ^m</'. 
foum, ScL^ xli., 896, April, 1891. 

Kall 1 1. I T K . \V ISM r 1 H- A N ri MON N I cKEi.G LA N Laspfyres. 

These names are given by Laspeyres to isomorphous mixtures of iill- 
mannite (antimonnickelglanz) and the corresponding bismuth com- 
pound (wismuth nickelglanz), the name kali ilite being especially given 
to an ore from the Friederich mine near Schdnstein, Siegen ; where it 
occurs in pure masses containing nearly 12 per cent. Bi, with cubical 
cleavage and accompanied by siderite, quartz and occasional needles of 
millerite. — Zeit. /. A'rjs/., xix., 12-17, 1891. 




AI,0„ . 
FeO. . 
MgO, . 



38.52 NilO, .... 5.52 

29.64 K,0, .... 0.30 

7.47 .... trace. 

10.13 H/> 429 

4.00 CI, .... 0.1 1 

0.15 F., .... trace. 



Insol., .... 0.16 



ioa39 



— Amer,Jour. Sft\ xli. 415-16, May, 1891, 
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KORAKFVEITE. 

Rridominsky's kSrarfveit (k2u*arfvfTt), made a species on ground of 
high tluor contents (4.35 per cent.) is according to analysis of Blom- 
strand» upon specimeiTfrom jsame locality collected in the same year, 
only a common impure monazite 0.33 — .ZerV./ Kryst,, xix., 109, 
1S9X. 



Lavenite. 

Lacroix records microscopic crystals of lavenitCi in the nephilitic 
phoooHte of Haute Loire. — Buil, Soe, Franc. Min. xiv., 1 5-16, Jan., 
1891. 

MoNTiCELLiTE, from Magnet Cove, Ark. 

In microscopic colorless hexagonal prisms and in radiating crys> 
talline masses in a coarse-grained calcite. Analyses and crystalline form 
given. Genth and Pirrson. — Amer, Jaum^t Set. x\u, 39^400. May, 
1891. 

Natroute. 

Crystallographic description of natrolites of Salcedo, Mt. Baldo, 
Montecchio Maggiore and Altavilla. — G. B. Negri GhrniUe di Miker^ 

aiof^t'ii i.. 325-326, icScjo. 

Savite of Montecalini proved chemi( ally as well as crystallographi- 
cally identical with natrolite. — Zeit.j. Kryst., xix., 203, 1891. 

Nephelite. 

Disriission of crystallization by H. Baumhauer, Zeit.f. KrysLt xviii., 

61 1-61S, 1891. 

Nesquehonite. 

ft 

Friedel reports the discovery of a fibrous white mineral in the 
Anthracite mine of Mure, Isere, which corresponds in composition to 
the Nesquehonite of Genth and Penfield, found in the Nesquehoning 
Anthracite mine near Lansford, Pa. The author doubts Genth*s formula 
for the Lansfordite of which Nesquehonite is supposed to be a pseudo* 
morph. — BulL Sot. Franc. Min.^ xiv., 60-63, ^^^** ^^9'* 

Newtonite. BrackeH and WUUarn^ Al^O^,SiO^,4Hfi ->r aq.Rhmtt- 



Occurs in soft compact lumps from a few ounces to forty pounds 
in weight, imbedded in dark green clay at Sneed's creek, Newton county. 
Ark. Color, pure white ; G. — 2.37. Under high power isseentobe 
composed of minute rhombs which are doubly refracting. Infusible ; 
only slightly dissolved in boiling concentrated HCl, but completely by 
H^SO^ or KOH. Analysis shows, after deducting slight impurities and 
recalculating: 

SiO„ 39.76 40.88 



o 



bohtdral. 




36.01 



100.00 



100.00 



^Amer, Journ. Sci., xMi,, 11-16, July, 1891. 
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Nickel. 

In the auriferous sands of Elvo near Biclla, Piedmont; Sella notes 
malleable magnetic grains which contain Ni and C075.2, Fe 26,6 or 
nearly Ni^te. — Compte Rendu. ^ cxii. 171, 1891. 

NONTROMITE. 

A nontronlte like mineral from the cavities of the Limburgite of 
Sasbach apparently identical with Saussure's sideroclepte (chrysolite ;) 
forms spherical masses of concentric scaly structure, often changing 
into yellow and green scales by which the radial structure of the original 
mineral is erased. Analysis showed: 

SiO, 51 20 

A1,0, 8 29 

Fc,0„ 19.63 

MgO "... 404 

MnO, 025 

lti.80 

100.20 

— Zdt,/, Kryst»^ jcviii., 668, 1891. 

Opfretite. Ferd. GoHmrd{K^Ca)AlfSifi^^-\-7Aq, Hexagonal, 

In the basalt of Mt. Simiouse near Monbrison there is found, with 
much christianite (phillipsite) and a little chabazite,avc9y small amount 
of an apparently new zeolite, which the discoverer has named in honor 

of Prof. Offret of Lyons. 

The mineral occurs as very small isolated crystals, ^ m.m. to m.m. 
by f m.m., which appear to be simple hexagonal prisms and complex 
barrel-shaped forms. Cleavage, perpendicular to the base ; G =: 2.13; 
lustre, vitreons ; colorless and transparent ; p>olarizes light feebly. 
Before the blowpipe, whitens and fuses quietly to a white enamel. In 
tube yields water. In S.Ph. slowly decomposed leaving the SiO, skeleton. 
With soda fuses to a pale brown glass slightly greenish on fracture. Very 
slightly attacked by either hot or cold acids. 

Analysis upon 0.544a grammes showed : 

SiO,, 52.47 

A1,0 19.06 

CaO, a.43 

K,0 7.7s 

litO 18.90 

100.58 

'^BulL Soc, Franc, Min,, xiv., 58-60, Feb., 1891. 



OuooaJkSB. FtrUUne of Pfitschthal. 

As a result of an elaborate optical study of the pericline of Pfitsch-* 
thai, Tyrol, L. Miinzing concludes : 

That the original mineral was an oligoclase, rich in soda, very porous 
and twinned as pericline is. That albite was deposited in the pores, par> 
tially filling them, but not oimpletely, as is shown by the porous interior 
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of broken crystals, i hat as in similar deposits in orthoclase, the aibiie 
deposits were oriented, or ananged parallel to the structure of the oH> 
goclase, retaining the twinned structure of pericline. 

Cheini( al analysis: upon the mixture, which is practicaUy inseparable 
by gravity liquids : 

SiO^ 64.31 

Al,l>„ 22.33 

CaO, .,••••*.. ,,.3 02 

Na/>, . y . io.at 

K|iO,, 0.45 

100.33 

The perirline of Pfltsc hthal ninst therefore be stnirk from the list of 
albitca^ but the peric liiies of Zillerlhal, Orossarl, Salzburg, St. (iothard, 
and Viesch are t)pical albites. — Neues Jahrb. of Min. 189 1, ii., i-ii. 

Opai.. 

In large deposits, partly semi-opal, partly precious opal, at VSrds- 
v^As (Hungary ?).—Zr«/./. 'Ari7J/., xix., soa, 1891. 

Flessite. 

In the Welland meteorite the so-rnlled plessite was observed to 
consi>t of thin alternating lainellaj resembling in their physical prop- 
erties kamacite and taenite. Carefully separated and analyzed the 
the results were as follows : (For comparison the analyses of kamacite 
and taenite are also given.) 

KamKite. Plcuiic. Taeoiti. 



KuMclieJike baiidi. Taenitv-likc 1 

Fe. . 9309 9«-«« 7»-9* 74.78 

Ni, . 6.69 6.97 35.87 24.32 

Coi . .as .19 .83 .33 

C, . ^ .19 j^i .50 

100 05 100.16 ioa59 * 99-93 

This would seem to indicate that pi jssite is only a mixture of taenite 
and kamacite. — J. M. Davidson in Amer. Joum. 6V/., xlii., 64-66, July, 
Z891. 

Flumdoferjiite. Igeisirdm, ^JPe^O^ + PbFe^O^, iMmeinc. 

Found at Jakobsberg, Sweden, in veins in the granular limestone 

and also associated with the jncobsiie of the same locality ; in this rase 
likely to be mistaken for common granular or lamellar Swedish hema- 
tite, but separable by the magnet into the two minerals. 
It has not yet been found in detached, well*formed crystals, but in the 

veins it occurs as lamellar masses, with evident cleavage resembling the 

Swedish galena, but not quite so clenr. It frcquenMv rr.ntains fine 
threads of native to[)|ier, which it is thought by the autiior a( ( ounts for 
the statement of the older books, that native copi>er occurs with mag- 
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netite in this locality. H. = 5 ; lustre, bright metallic ; color, brighter 
thnn jacohsite ; streak and powder, bright redj DOO*magnetic when 
pure ; soluble in HCl wiihuul evolution of CI. 

It stands near franklinite and jacobsite, lead oxide taking the place 
of the zinc oxide of the one and of the manganous oxide of the other. 
Analysis shows : 

Recalculated 
afMr deduct" 
As fcand. laf CftCO^ 



FeA SSS« 60.3S 

FeO 9»3 io-^ 

MnO, 2.00 3,20 

Pbo 21.29 23 la 



CaO, 6.00 1.67 

MgQ, 180 1.95 



too.ao loacoo 

Corresponding to aFCgO^ ■¥ PhFe^O^. — ZdU /, KfysL, xix., 167-170, 
1891. 

POU-UCITE. 

Upon analyses of very pure pollucite from Hebron, Maine, and a 
recalculation of the original analysis by Hattner and of a later one by 
Pisani» as well as from the fact that the generally accepted formula of 

Rammelsberg is !ia^r'd upon " a single analysis where an important con- 
stituent was determined by difference ; " Mr. H. L. Wells concludes that 
the formula for the Maine and the Elba material is H,R'^Al^(SiO,), or 
9 Sia, 3 AlA* 2 R,'0, H,0. In the Maine mineral K' is m Cs. 
jIy Na. — Amer./oum. Sci\, xli., 213-220, March, 1891. 

PoLYCRASB of North Carolina. 

Supplementary note by Hidden and Mackintosh recording new 
crystalline faces and presence of Scandium, etc. — Amer, Jmirm. Set',, 
xli., 423-425, May,.i89i. 

Protonontromte Knop, 

A dark leek-green mineral which, intLnnixed with calciie, forms 
a whitish green, resinous somewhat < oluinnar mass quite tilling the 
nut-sized cavities in the Liniburgite of Sasbach. 

4852 

5.94 

. . . , 6100 

24.72 

0.59 

a79 

to.70 

99.26 

Zt it./. Kryst., xviii., 668, 1891. 

VOL. XII. — 24. 



SiO^ 

MgO^ 
MnO, 
OiO, 
Hda 
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Pyrite. 

Study of (Tvstals from Porkuia, Hungary. A. Schmidt.— Z«rV / 
Xryst,, xix., 5S-62, 1S91. 

Quartz. 

Crv^tal faces of quartz of ^laknco, Italy. — Zeit,/. Kryst,^ xix., 
205-206, 1891. 

New faces on Zillerthal amethyst. — Cathrein in Neuet JaMueh^ 1891, 
i., 817. 

Realgar. 

Realgar, orpinient and the accomyanying minerals from Casa Testi, 
Mt. Annala, Province of Grosseto. — G. Graitarola, GiornaU di Min^ 
eralogiat i.» 278-298, 1890. 

Rectorite. Bracktti and WilH^ms^ Ai^O^ H^O + Aq, Moita- 

Clinic. (?) 

Occurs in flexible non-elastic leaves or plates resembling mountain 
leather. H., less than lalc ; feel, soapy; color, white when pure, red- 
dish'brown when impure. Infusible, becomes brittle on heating. 
Mean of two analyses shows: 

SiO„ 52.80 

AljO,, • 36.05 

FeA>^ 0.25 

CftO 0.45 

MgO, 0.51 

K,0, 0.26 

Na,0, 2.S3 

Ignition, 7.74 

10089 

Water all i^C. 8.57 



Found in deposits in sandstone at Blue Mountain mining district. 
Marble township, Garland Co., Ark. Named after Hon. E. W. Rec- 
tor, of Hot Springs, Ark. — Amer.Joum* Sci.^ xlii., 16-21, July, 1891. 



Serpbmtinb. 

M. Georges Friedel has examined one of the two forms of serpen- 
tine from Tilly Foster des( ribed by Pirof. J. D. Dana as pseudomorphic, 

after an unknown mineral.* It consisted of a pale green mass, with 
very distinct cubic < leav^ge and in places equally distinct octahedral 
cleavage. The cleavage surfaces are brilliant and pearly. Even with 
the naked eye it is seen that at each cleavage plane very fine lamellae of 
transparent material are intercalated, which give the brilliant lustre. 
These lameike possess micaceous cleavage and iNo two rleavages at right 
angles to each other, one more easy than tSe other, so that the general 
form is a rectangular plate. Under polarized light, all around the sides 



• Am^Jattm. Set., S. 3, viu., 375 and 451. 
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of the rectangle appears a band of doubly-refracting fibres exactly per- 
pendicular to the faces of the cube. In the centre are noticed fibres 
parallel to these and other fibres at angles of 45° to the first. With a 
section parallel to the face of the octahedron six directions of fibres are 
shown, three parallel to the edges of an octahedron and three the pro- 
jections of which are at right angles to these edges. 

The mineral is evidently composed of two substances — the crystalline 
substance, whit h forms a network of rhonibohedral lamell.x, crossing 
each other at the angles of the cube and the octahedron, and an 
amorphous substance, which fills all crevices and is itself penetrated by 
the same fine fibres which are components of the lamellae. 

An analysis of the carefully separated fibres jrielded : 

SiOj 41.98 

MgU 4i.3» 

FeO, a.87 

H,0, 13.78 

100.01 

This is practically identical with the composition of the entire mass 
and corresponds to a serpentine of sSiO,, jMgO, zH^O. The two sub- 
stances are therefore identical chemicaUy» and since their specific grav- 
ity, solubility and blowpipe characters agree with serpentine, and as 
their ojitica! characteristics concord with Des Cloizeaiix's study of the 
varieties marmolite, antigorite, meiaxue, chrysotile, bastite and thermo- 
phyllite, it seems that the material of Brewster's should be considered 
2i% crystallized serpentinf in psmdo cuHc grmtpitiv^s, the interstices of the 
lamell.x- having been filled up during crystallizat ii m In- amorphous ser- 
pentine. — Bull, SoCn Franc. Min,, xiv., 120-127, April, 1891. 

SntONTIANITE. 

Description of crystallization at Leogang, Salzburg, and bibliogra- 
phy. — Zeii,f. Kryst.t xix., 146-152, 1891. 

Sychnodymite Ztfjj^O"*^'- ( C»,/3r,iVjr),.Sj. Isometrit^ 

In the druses of an irregular, fragile, skeleton-like mass of inter- 
mixed quartz, siderite, tetrahedra and pyrite are found crystals of a 
metallic, d?rk steel-gray mineral, which, upon examination, prove to be 
the cobalt compound corresponding to polydymite, whence the name, 
from tfu^M^c xoUi. 

The crystals are rarely over i mm. in size, and are frequently the 
simple octahedron, but show sometimes the cube and the triiK)ctahedra 
3O3 and 2O2. 

Material selected with extreme care yielded sp. gr. 4.758 and : 

^ . 40.645 40.328 

Cu, 18984 17233 

Fe, , . , , 0927 0.821 

S? 35786 35635 

N», 3658 5 744 

too .000 99761 
— Zeit./. JCrysf., xix., 17-21, 1891. 
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Talc Agalite, 

The fibrous material from northern New York, with the composi- 
tion of talc, is, from its optical properties, an altered enstatite. — Neues 
Jakrb.f. Min., 1891, i., 376, Ref. 

Tamarugite. Sekube, Na^^JSO^ + i^H^O. 

OccoTs in massive formsi with radiated structure and cleavage across 

the fibres. Color, white ; lustre, vitreous; H. « a ; G. = 2.03-2.04. 
FoTMid abundantly at Cerros Pintado and Taxtpaca, with pickeringite. 
Named after pampa of Tamaruga. 



khows. NaCl and 
CaSO«. 

SOp 4566 45.37 

CI, 0.12 

AIA '4.48 14.48 

NaX), 9.04 894 

CaO, . . « . , . , . ,0.20 — ■— 

CuO, «»•*..••. trace 

H,0, 30.86 3a73 



ic»a36 99.5a 
"—N^ues, Jahrb./, Min,, ii., Refs. 21-32, XS91. 

Thousonite. 

In the amygdules of a feldspathic porphyry at Mettweiler, near St« 
Wendel, Germany. — 2Mi,/. KfysL^ x 71-1739 1891* 

« 

Thoritb. 

Orangeite of Landbo, Norway. Said by Hidden to belong to the 
uranothorite of Collier. — Amer./mtrn* SH^ xli., 440, May, 1891. 

Titan n E,y>-f?/// Magnet Cove. Ark. 

Analysis and crystalline form. — Genth and Penfield, Amcr, Jaurii, 
Sa.y xli., yj6, May, 1891. 

TSCKBPPKINITE. 

As a resiLt of analysis of a specimen of this mineral from B«^ford 
Co., Va., and of a microscopic examination of thin sections of this 
specimen and of the previously analyzed sf>eciroen of R. C. Price, the 
conclusion is reached that tschefifkinite is a complex mixture of unde- 
termined minerals. — Amer.Jmm, Sct\, xlii., 36-38, July, 1891. 

Turquois^ 

Prof. Bogdanowitsch describes the turqiiois mines of Persia. The 
locality is Mt. AiiMirsa, north-west from the village of Maaden, near 
Nischapur. The nimeral is usually in an iron-l>earing, brecciated pitch- 
stone belonging to the felsite porphyrys ; rarely and only at great depths 
is it found in a typical breccia. It is found sometimes as enclosuiea in 
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limonite gangue and between breccia ; in some cases it cements pieces 
of the stones. It is probable that the alumina phosphate solution pen- 
etrated from above. — Zdt.f. Kryst., xviii., 631, 1891. 

Old Indian workings have been rediscovered in the Burro Mts., south- 
west of Silver City, Grant Co., N. M., also about a mile from these in 
a test pit sunk in search for copper^ the veins of turquois having been 
mistaken for veins of copper-ore. — Chas H. Snow, Amir.JourM. Sfi,, 
xli., 511, June, 1891. 

Vesuvunite. 

Discussion of analyses and probable formula, 4(2RO.Si02) + 
sR,0,.3SiO,. — Kenngott, Neues Jt^huch^ soo-ao7. 

Xenotime. 

As an accessory element in rocks. — O. A. Derby, Awur.Jeurn, Sei,^ 
xli„ 30^311, April, 1891. 
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The Chemical Analysis of Iron. A Complete Account of All the Best Known 
Methods for the Analysis of Iron, Steel, Pig-iron, Iron-Ore. Limestone, Slag, 
Clay, Sand, Coal. Coke, and Furnace and Producer (xases. By Andrew Alex- 
ander Blair, Graduate United States Naval Academy, 1866, etc. Second Edi- 
tion. Philadelphia. J. B. Lippincott Company. 1891. 314 pp. S4.00. 

In a certain sense the publication f)f the first edition of this valuable 
work wiLs a departure from the ordinary methods. Instead ot preparing 
a book intended as a guide to students in laboratories of technical in- 
struction, Mr. RIair undertook to supply concise information as to 
methods of analysis for the reference nnd guidance of students of more 
mature knn%vledge and ex{)erien( e. The results proved how well such 
work was appreciated in the rapid sale of the first edition, so that for 
the i)ast year or more the numerous inquiries for copies at the shops of 
dealers in technical publications have been met with the discouraging 
reply, "out of print." One rc.T^on for this is reported to have been 
that our English cousins " know a good thing when they see it," and 
consequently an unexpected demand for the book sprang up in Enj{land 
soon after its appearance, which indicated that it had a wider field of 
usefulness than perhaps the author, or his publishers, had at first sus- 
pected. 

The second edition is, therefore, assured of a hearty welcome. It 
contains only thirty-two pages more than the finit, but the additions 
have been numerous, and give evidence of the most careful revision. A 
brief review of the new features may jjrove useful : 

Under " Apparafus " wc find a description of Mr. Maunsel WhiteN 
mechanical device for pulverizing ores in an (Ji^^d/e mortar, both mortar 
and pestle being rotated, and at the same time given a rocking motion 
(p. 13) ; also his device (p. i6) for taking samples of iron and steel, for 
the colorimetric carbon determination, etc., a combination of a drill 
with a balance, the movable pnn receiving the drillings being poised 
above the balance beam and outside of the case. 

Whitfield's convenient arrangement for hastening evaporation by the 
use of a blast passed through a heated platinum helix-tubc {^Jour, AnmL 
and App. Chtm., v., 181, 1891), is also described (p. 21). 

In this division of the work we also find the suggestion as to the use 
of *' Factor weights " (p. 37), a device which saves much labor and 
danger of errors, it consists simply in weighing out for analysis such 
an amount that the weight of the product obtained bears some simple 
ratio to the percentage of the constituent sought, e^,, if one weighs out 
2. 7273 grammes of steel, every o oooi gramme of CO, obtained indi* 
cates 0.001 per cent, carbon, etc. 

In at least one of our large iron-works, where numerous analyses are 
required daily, it has been found convenient to have in the laboratory 
a set of weights constructed on this basis for f lie different determinations 
required. Thus they have a carbon weight of 3>7S73 grammci, a sul* 
phur weight, etc. 
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Under " Reagents," Prof. Hart's invention of coursine bottles for the 
keeping of pure hydrofluoric acid for laboratory purposes receives men- 
tion (p. 39). 

The usual method of making sulphur dioxide with copper turnings and 

sulphuric acid, omitted in the first edition, is given in this issue (p. 41). In 
many respect?; it has decided advantages over the method with charcoal. 

The statement of the first edition that ammonium oxalate is soluble 
in three parts of water is repeated U'. 45) This is no doubt given on 
the authority of Gerhardt or Griffiths, quoted in Storer's Dictionary gf 
Solulnliiies. One usually finds, however, that when the solution is made 
according to the directions of Presenilis ( i in 24), a solution saturated 
at ordinary temperatures is obtained. This seems to accord with the 
statements of most other authorities quoted by Storer as to its solubility, 
(i in 30, Gmelin; in about %% parts, Berzelius; in 32. s parts, M. R. 
and P. ; in 25 parts, Wittstein ; in 24 parts, Abl.) 

We note that the use of hydrodisodic phosphate as a reat'ent is ignored 
in both editions, that of ** microcosmic salt " which has some advan- 
tages) being substituted (p. 46). 

The use of anhydrous copper sulphate vnihout pumiee is a new point 
in the second edition (p. 53), as is also the use of anhydrous cuprous 
chloride i Ih.). This form for those reagents has been suggested by the 
light obtained in tiie recent experiments preliminary to work on the 
International Standards. From the same source comes also the sugges- 
tion as to the use of potassium copper chloride (p. 54)* instead of the 
corresponding ammonium salt, for dissolving manufactured irons, with 
a view to the determination of rarbon. 

Under "Analysis of Iron and Steel" we find added Morell's process for 
sulphur by the evolution method, involving passage of the gases through 
a cadmium solution (p. 63), and also Wood's modification of the same, 
combining the method with the iodine titration process (p. 71). 

The color comparison methods for sulphur — that of TvjL^ertz with 
metallic silver, and that of Weborgh with muslin disks mipregnated with 
cadmium solution — are ignored, possibly because the author found them 
to be troublesome and inexact. 

In the description of rapid methods for the determination of phos- 
phorus by titration (Emmerton's method), we find inserted a descrip- 
tion of Jones's reductor (p. 99). Woods's modification of Emmerton's 
method, in which the phospho-molybdate is weighed (p. 102), is also a 
new feature. The savmg in time and manipulation by using chromic 
acid to insure complete oxidation, and a limited quantity of hydro- 
fluoric acid to remove silica from the acid solution, are interesting and 
ingenious details in this method. 

Strangely enough, however, Drown's modification of this volumetric 
process (7>tt«r. Inst Min, Eng.., xviit., 90), consisting ^in dissolving in 
nitric acid sufficiendy dilute to render filtration easy, aiid effecting com- 
plete oxidation of the phosphorus by means of permanganate, seems to 
have escaped the author's notice. 

In the gravimetric determination of manganese (Ford's method) is 
inserted Mr. Woods's suggestion of removal of much or all of the silica 
after effecting solution, by the addition of a few drops of hydrofluoric 
acid to the acid solution and boiling (p. 1 1 1). 

To the Ford- Williams' method is added a description of the Uehling 
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burette fp. 116), a form of apparatus which easily recommends itself in 
other processes as well. 

Desha y's method for manganese — oxidation to permanganic acid bjr 
nitric arid and lead peroxide, followed by titration with sodium arsenite 
(p. 1 1 8) — is also new. 

Tn describing the determination of total carbon by direct ron-\bnstion 
of tl»e iron drillings in a current of oxygen, the author inserts a modest 
foQt*note (p. X3S)» suggesting an original and effective mode of accom- 
plishing the object desired. The wire-stand for Liebig bulbs (p. i36^» 
and the mecbanirn] stirrin*,^ npparatns ( p. 139), are also valuable aids m 
laboratory work devised by the author. 

The point discovered by the American memliers of the International 
Steel Standard Committee, that acidulation of the copper chloride solu- 
tion is of advantage when dissolving iron for a carbon determination, is 
noted fp. 140). 

It sncgest^ our j^reseiit igiioi u.* e both as to the possible condition of 
carbon in nunulactured irons, and as to the probable complexity of the 
reactions involved in this stage of the process. In this section (Deter- 
mination of Carbon ) v arious modifications of former methods are intro- 
duce<l, as the resnlt of the experience of the members of the committee, 
such as the use of cn{)rons chloride and cnprous sulphate (both anliy- 
drousj in the purifying iiaia, instead of anhydrous copper-sulphate on 
pumice and copper turning, the use of compressed air, etc. (p. 121). 

The presence'of carbon compounds in copper-ammonium chloride is 
noted (p. 151). 

The ingenious apparatus in use «Tt the laboratorv of the Bethlehem 
Iron Company for the addition gradually i^and automatically) of the 
proper amount of nitric acid in dissolving samples of steel for the colon- 
metric determination of combined carton, is described (p. 164), we 

believe for the first time. 

The su^'j^'estion of Wood as to the omission of graduations at the 
lower part of the color-comparison tubes (p. 166), is novel and valu- 
able. 

A short paragraph has been added regarding the analyses of nickel 

steel /'p. iSo). It is rccommcndrti to weigh the nickel as Ni^S (Rose's 
method ). (Hassen's method — eiectrolysis of the hot solution of the 
double oxalate — we believe to be a better plan. 

The methods of Stead and Camot for the determination of alumi- 
num in ferro-aluminum and aluminum steel {vid. Quarterly d -tracts, 
xi., 273, nnd \ii., 262 ; also xii., 61) are inserted (p. 185), though the 
account is unnecessarily mixed in with the determination of chromium 
as well, in a way tending to be a little misleading as to the object 
sought. 

A new section (p. 195) is devoted to the determination of nitrogen in 
irons. The met Rod descnl>ed is that of A. Hallen fls modified by Lang- 
ley (distilbng and determination as ammonia). 

Another new section (p. iy8) gives methods for the determination 
of iron in manufactured irons by the solution method and by the fusion 
method. 

Under ** Analysis of Iron-Ores," the use of Jones' reductor is de- 
scribed fp. 204). That apparatus, however, when constructed accord- 
ing to directions, is unnecessarily elaborate. 
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All arrangement is also described (pp. 205 and 206 > for '•<^tib1ivhing 
a r^ervoir in conjunction with the burette for btandard permanganate 
solution, so connected that the burette may easily be filled an indefinite 
number of times, or the burette may be emptied back into the reservoir, 
without exposing the standard solution to laboratory fumes or any 
Other influenees which might injnriotisly affcc t its strength. 

As regards the use of potassium dichromate fur the titration of iron, 
the description in either the old or the new edition is not altogether 
satisfactory. It is implied, if not stated, that reduction of the iron by 
metallir zinr ran be used when titration with this reagent is contem- 
plated, whereas the reaction of" the dissolved zinc salt with the ferri- 
cyanide uaed in determining the end-reaction, practically constitutes a 
material objection to this method of working. The author also 
neglects to mention the most satisfactory method of reducing with 
Stannons chloride; addition a slight excess, and then adding at once 
15 to 20 c.c. of a solution of mercuric chloride to destroy the excess of 
stannous salt. It has also escaped his notice, that this method of titia- 
tion is applicable in the presence of titanic acid without appreciable 
error. 

Another omission may be noted (p. 24^ : the separation and weigh- 
ing of zinc a.s phosphate, in a manner analogous to that of manganese. 

The remaining sections are essentially reproductions of the text of the 
first edition, with the exception that in the direction for the analysis of 
'* Fire Sands," the important note is added (p. 273), that in the pres-' 
ence of mtu h alutnina, it is almost imp>ossible to expel all the silica by 
the use of hydrofluoric acid in the ordinary manner. 

No additional tables have been inserted in the new edition, but two 
of the most important ones have been carefully revised, vis., that of the 
atomic weights (Table I., p. 395) and that of the factois (Table II., p. 
296). 

The aiomi( weight table corresponds very nearly, though not exa( tl\'-, 
with the recent list publisned by Prof. F. W. Clarke. The differences 
where they occur are practically unimportant, being usually only of two 
or three hundredths. 

The table of factors has been changed to correspond with the re- 
vised list of atomic wev^hts, and several additions have been niadu. 

With the exception of a few verbal changes this sums up the numer- 
ous additions and improvements to be found in the second edition. 
The poof reading has been exceedingly thorough, the typographical 
errors being few and unimportant Cp. 159, Karston for Karsten, for in- 
stance\ The type, spacing, size of Jiage, binding, etc., are pleasing 
and satisfactory. The work is sure to be eagerly sought by those whose 
work is connected with such matters, because it is useful and thorough. 

£. Waller. 



Appi.eton's School Physics. By John D. Quackenbos, A.M., M.D.. Columbia 
College, N, Y.; Alfred M. Mayer, Ph.D^ Stevens Institute, Hoboken, N. J.; 
Fteii& E. Nipher. A.M., W»hiiigton University, St. Louis; Silss W Holmati, 
S.B., Mass. Institute f>f Technology, Boston; Francis B. Crocker, School 
of Mines, Columbia College. Cloth, i»mo., 544 pages. New York, Cincinnati 
and Chicago ; American Book Company. 

Applston*s School Physics is the latest attempt to condense into 
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one small volume the mass of farts with which the candidates for ad- 
mission to our colleges must be tamiliar before entering upon raore ad- 
vanced work in natural philosophy. Unlike most of its predecessors, it 
is the joint work of several writers: Prof. A. M. Mayer, of Stevens, con- 
tributing the chapter on sound ; Prof. Nipher, of Washington Univer- 
sity, those on heat, light, frictional and voltaic electricity ; Prof. S. W. 
Holnian, that on mechanics. In addition, there is an excellent presen- 
tation of the modem applications of electricity by Prof. Crocker, of 
Columbia. 

The form and arrangement of the book are much the same as those 
of the physics with which we are familiar, huf the subject-matter has 
gained much by the omission of many utterly uibiguificant paragraphs, 
with their explanatory cuts, that were deemed necessary in other books 
simply because they had come down to us from the natural philosophies 
of sixty years ago. There is thus more space to devote to the modern 
applications of scientific research noticeable in every < hapter. 

The cuts are another departure from the venerable antiques of Ganoi, 
from whom almost all our smaller books have borrowed freely. The result 
of these changes is to make a fresh, interesting text-book; concisely ex- 
pressed and well-illustrated ; displaying an honest attempt to throw off 
conventional forms of presenting the various branches of jihysics; and 
showing the student what the scientists are doing for the practical world 
newy instead of giving him an historical view of physics up to only 
1850. Our only regret is that the authors did not go far enough in 
revolutionizing ; they are still too hampered by the past. Under the 
.nble editorship of Prof. John D. Quackenbos, of Columbia, the work is 
the best in its particular sphere that has yd been produced. 

G. 
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The Alumni. 

The Secretary writes : *' Delay in returns, press of business, and an 
attack of chills and fever preclude my getting list of the Alumni in 
shape for the July issue.*' 

The College. 

No more interesting reading can be found for those interested in the 
development of the School of Mines than the recently-issued circular of 
information. The following facts are selected as embodying the more 

recent changes. 

The system of instruction in the School of Mines includes : 

I. Undergraduate Gntrses, occupying four years. 

1. Mining Engineering, 

2. Civil Engineering. 

3. Metallurgy. 

4. Geology and Falsontology. 

5. Analytical and Applied Chemistry. 

6. Architecture. 

II. Post' Graduate Courses, full course of two years. 

1. Ele( tri< al Engineering, 

2. Sanitary Engineering. 

3. Special. 

Under the Univeesity Faculty of Mines: 

Elective Courses. 

I. For the Degree of Master of Arts. 

9. For the Degree of Doctor of Philosophy. 

3. Special Couises. 

Seniors of the School of Arts are permitted certain clectives. 

For the convenience of candidates for admission to the first year of 
the School of Mines who reside at a distance fr im New York, arrange- 
ments have been made by which examinations will be held in June at 
the following cities : 

Chicago, 111., by E. G. Barratt, C.E. 

Cincinnati, O., bv C. B. Going, Ph.B. 

Charleston, S. C.,' by P. E. Chazal, A.B., E.M. 

Concord, N. H., by C, S. Knox, A.M. 

Denver, Colo., by T. B. Stearns, E.M. 

St. Louis, Mo., by W. B. Potter, A.M., E.M. 

Salt Lake City, Utah, by R. H. Terhune, E M. 

Belmont, Cal., by W. T. Reid, A.M., Head Master of the Belmont 
School. 
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Fost-Graduat£ Courses. 

Graduates of the School of Mines, and of other institutions, are 

nrlmitttd to post-graduate courses without examination, provided they 
have complettd the studies which iiualify them to pursue with adrantage 
the courses whicl> they desire to attend. 

Persons who are not graduates may be admitted to the courses in elec* 
trical engineering and sanitary engineering, provided they pass the re- 
quired examinations. 

Graduates of tollegcs and technical schools^ other applicants of 
adequate attainments and mature age, who are not candidates for a de- 
gree, may be admitted to partial courses on giving satisfactory evidence 
that they are able to pursue with credit and advantage the special 
topics or studies to whiih they wish to devote themselves for one year. 

Any student of the Scho(il of T.a\v, the School of Political Science, 
the School of Philosophy, or the graduate department of the School 
of Mines, pursuing a full course, may attend permitted courses in any 
other school of the college without paying any further fee for fliiuii. 

ITniversity Courses (under the direction of the University Faculty 
of Mines) : 

Any student who has taken his baccalaureate degree either in 
Columbia College or in some other college maintaining an equivalent 
curriculum (every such case of equivalence to be considered on its own 
merits), shall be entitled, with the approval of the president, to become 
a candidate for the degree of master of arts or doctor of jihilosophy. 

Kacii student who declares himself a candidate for the degree of 
master of arts or doctor of philosophy, shall designate one principal 
subject and two subordinate subjects. In the Faculty of Mines the term 
"subject" s!iall be held to mean any one of the several subjects of 
instrtiction sjKcificd under groups A, R, C, and D. No candidate for a 
degree may select more than two of his subjects from any one group. 
The selection of subjects made by any candidate for a degree shall be 
approved by the dean on behalf of the faculty. 

One year's stndy is required for the degree of master of arts; two 
years' study for the degree of doctor of philosophy. 

The course of study shall, so far as possible, embrace instruction in 
the following groups of subjects : 

A. — Mathematics. 

B. — 'Mechanics, 

Physics, 
Chemistry. 

C. — Hiolof,'y. 

Botany, 

Zoology. 

Palaeontology, 

Mineralogy, 

Lithology, 

Geology, 

Astronomy, 

Meteorology, 

Physi( al Geography, 

Geodesy, 
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Surveying. 

r Civil, 

n irn«in«M.«n« J Mechanical, 
D.-Enginccring, < Electrical, 



Mining, 

Metalhirgy, 
Architecture. 



Sanitary, 



Students who are not candidates for a degree hliall be permitted to 
pursue such courses, from among those offered hy the Faculty of Mines, 
as they may be found qualified to enter upon and the faculty may ap- 
prove. The qualifications of such students shall be determined by the 

professor in charge of the courses selected hv them. 

The following elective courses for the i^rces of Master of Arts and 
Doctor of Philosophy, and special courses, arc offered : 

Mathematics. 

Advanced course in differential and integral calculus — 2 hoursaweelc. 
Advanced course in solid geometry and higher plane curves — a hours 

a week. 

Modern higher algebra — i hour a week. 

General theory of functions— 3 hours a week. 

Abelian functions — i hour a week. 

Calculus of variations — 2 hour*^ a week for one term. 

Differential equations ^^general; — 2 hours a week for one term. 

Mechanics. 

Higher mechanics — 2 hours a week. 

Determinants and modern co-ordinate geometry — 2 hours a week. 
The principle of conservation of energy and the various methods of 
its application to the study of physical phenomena. 

Physics. 

Calorimctry. 
Radiant heat. 
Interference of light. 
Polarised light. 

Acoustic measurements. • 

Thermo-electricity. 
Electrical induction. 

Conversion of electrical energy into light and heat. 

Each course will consist of 8 hours of laboratory work a week. 

Chemi-try. 

The history of chemical theory — i hour a week. 
The following courses will each consist of 8 hours laboratory practice 
per week : 

Examination of new methods of analysis. 

Spectroscopic analysis. 
Analysis of the alkaloids. 
Electrolytic analysis. 
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Study of special chemical rcac tions. 
The quantitative relations of the rare elements. 
Theoretical and industrial relations of iridium. 
Redetermination of certain atomic weights. 

The allot ropic conditions of certain elements. 
Quantitative electrolytic analysis. 

Rapid methods of analysis in connection with metallurgical processes. 
Rapid methods of analysts in connection with certain processes in in- 
dustrial chemistry. 

Special volumetric methods. 
Chemical examination of textile fil>res. 
Chemical examination of dyes and dyed fibres. 
Investigation of fats and oils. 

Investigation of resins. 

Inve^tl.^ation of pigments. 
Investigations on organic acids. 
Investigations on alcohols. 

The chemical relations of substances in the manufacture of paper. 
Chemical rdations of albumens and albumenoid substances. 

Organic magnesium componnd*?. 

On the action of organic acids on diatomic nitrils. 

Adipic acid and its formation from aromatic compounds. 

The action of thionyl chlorides on amides. 

Diatomic sulphones. 

Electrolysis of certain groups of organic acids. 

Technic al stigar analysis. 
Spcciui lucihods of assaying ores. 
Special methods of analyzing alloys. 

Special methods of analyzing and assaying furnace products. 

Qm'rk methods of assaying ores, metals and furnace products. 
Ore testing for the j)ro]jer selection of methods of treating alloys. 
I hc electrical Lrcalment of ores and metals. 

Geodesy and Practical Astronomy. 

Practical and spherical astronomy. T.ertiires 2 hours a week for two 
years; ami observatory work throughout the same time. 

The method of least squares and its application to geodesy and 
astronomy — i hour a week for one year ; and computations of practical 
examples. 

Instruction in the theory of the reduction of photographic star plates, 
with practical application to the Rmiierfiird star photographs. 

Theoretical astronomy. Lectures on theory of planetary motions — 
I hour a week for two years ; and computations of comet orbits, etc. 

Biology and Microscopy. 

The fresh water algae and lower fungi — 2 hours a weeV 
Protozoa and their sanitary relations — % hours a week. 
MicrO'Chemistry — 2 hours a week. 
Biological analysis of water and air^4 hours a week. 
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Botany. 

Vegetable anatomy. Laboratory instruction io the preparation and 

examination of cells and tissues— 2 hours a week. 

Crypiogamic botany. Lectures, herbarium and laboratory instruc- 
tion in the structure and classification of the ferns, mosses, lichens, 
higher fungi, and marine atgae — 2 hours a week. 

Morphology of the flowering plants. Instruction by text-book, 
models, diagrams and herbarium — 1 hour a week. 

Systematic botany. Determination of species and their relations to 
each other from printed descriptions and use of the herbarium — 2 hours 
a week. 

Economic botany. Illustrated lecture course on drug plants, food 

plants, fibre plants and timbers — 1 hour a week. 

Systematic botany. Advanced course. Critical study of an order of 
genus of plants and preparation of a monograph thereon. Supple- 
mentary to Course No. 4. Number of hours a week depending on the 
group selected — ^not less than 4 hours a week. 

Vegetable anatomy. Advanced course. Critical study of the cells 
and tissues of some plant selected and preparation of a memoir thereon 
— not less than 4 hours a week. 

Zoology. 

Anatomy. Laboratory work 4 hours a week. 
Special anatomical work — ^not less than 4 hours a week. 
Systematic study of some group of animals^not leas than four houn 
a week. 

Mineralogy. 

Higher studies in blowpiping — 2 hours a week during one terra. 

Instrumental mineralogy, including the use of goniometers for meas- 
uring angles and indices of refraction, the study of polarization, phos- 
phorescence, fluorescence, etc., in minerals, including the method of 
cutting sections — 2 hours a week during one term. 

Metallurgy. 

Advanced studies in combustion, calorimetry, and the behavior of 
slags-*a hours a week during the year. 

Geology. 
Higher geology "-3 hours a week. 

Enginebiukg. 

Hydro-dynamics. General laws of motion of liquids and gases, with 
and without friction ; mutual impulse of fluids and solids ; work per- 
formed by various fluids as sources of power and laws of efficiency's 

hours a week. 

Thermo-dynamics. Dynamical theory of heat ; principles of thermo- 
dynamics applied to heat engines and various engineering problems — 2 
hours a week. 
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Dynamics of engineering. Laws of dynamics applied to engineering 
— 2 hours a week. 

Sanitary science. Water supply, sewerage, drainage, disposal of 
sewage, ventilation, heating^s hours a week. 

Rivers, harbors and breakwnters. Physical rhararteristics of rivers, 
estuaries and harbor bars; methods of imjjrovemcnts ; location and con- 
struction of breakwaters and other marine works — 2 hours a week. 

HydiauHc motors. Vertical and horisontal water wheels; their con- 
struction and efficiency; centrifugal pumps and fans; theory and con> 
struction — 2 hours a week. 

The history of electricity and its influence upon the scientific and 
industrial progress of the present century — 2 hours a week. 

The direct conversion of the energy of fuel into electricity — a hcrars 
a week. 

Theory of electrolysis — 2 hours a week. 

The effect of chemical, mechanical and thermal conditions upon the 
electrical conductivity of metals — 2 hours a week. 
Flroperttes of engineering materials. 
Efficiency of machines. 

Kinematics: Advanced theorems. Applications to mechanism. 

Advanced theorems in steam generators. 
Advanced theorems in engine design. 

Advanced theorems: use of other fluids than steam for industrial 
power. 

Marine engineering. 

Kn( h of last seven courses includes 2 hours a week in the lecture- 
room and laboratory practice. 

MlMtHO. 

Coal mining — 2 hours a week. 
Ore mining-'S houcs a week. 

Coal washing — i hour a week. 

Ore dressing — i hour a week. 

Examination of a mineral property or a mine ; four to six weeks de- 
voted to field and underground work in the Summer School of Practical 
Mming, with conferences at convenience of Professor. 

Examination of a coal-washing plant, or an ore-dressing plant; four 

to six weeks* work in the mill and in the laboratory with conferences. 

Special problems and original investigations in ore-dressing and 
mining as assigned, with conferences, laboratory and field work as 
required. 

Architecture. 

Architectural history — 2 hours a week. 
Architectural design — 2 hours a week. 
Each course includes 8 hours a week in the drawing academy. 
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NEW Y0RKBELT1NG& PACKING CO, 



15 PARK ROW, NEW YORK. 
JOHN H. CHEEVER, Treasurer. 

^^^^ ?^ 



J. D. CHEEVER. Dep'y Treasurer. 

Oldest and Largest Manuracturers in the 
United States ot 

VULCANIZED 

RUBBER FABRICS 

For Meohanloal Purposes. 

EXTBA BUBBER 



RUBBER MACHINE TUBING, 

Circular Woven Seamless Antiseptic 
Rubber-Lined 

" CABLE " HOSE and TEST HOSE, 

For the lue of Steam Engines, Force Ptimpa. 
Rolling MlllB, Iron Works. Pactories, 
etc. Woven in a superior manner 
to insure wear, compactness 



KOIi M r>riXCH*URPOSES. 

EITHER €ORRIT«ATED 
OR MMOOTH SURFACE. 



and durability. 




IMPROVED HOISTING ENGINES 




SPCCIALIV ADAFTfD FOR 

mm PIRP08E8. 

ALL SIZES. 

with Rcveniible Linlc 
Motion or Patent 
Friction Drum. 



300 Styles and Slier- 
Over 6500 ia oae. 



MANUFACTURED 

BY THE 



LiDGERWOOD Manufacturing Co., 

96 Liberty Street, New York, 

197-203 Congress Street, Boston. 

34 and 36 W, Monroe St., Chicago. 
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JOHN A. ROEBLINGS' SONS CO. 

Manufacturers of 
X:R02>r J^HTID STEEL 




FLAT ROPES, GALVANIZED ROPE FOR OIXYS. 




New York and Brooklyn .SuH{>eiihion Hridfre. W. A. Rocbling, Chief Engineer. 
ALSO, MANUFACTUHERS OF 

ALL KINDS OF WIRE, 

Market Wire, Telegraph Wire, Copper Wire. 
Works, Trenton, N. J. 
Wew York OflBlee and Warehouse, 117 119 Liberty St. 
H. L. SHIPPY, Manager. 



SHEFFIELD, 

ENGLAND. 



Chief American Officei 
91 JOHN ST.. 
NEW YORK. 



JESSOFS 

SIEEL 



COLD MEDAL, PARIS, 1889. 



THE 

BEST 

FOR 

TOOLS, 
DIES. 
DBILLS. 
Kto. 

r g g,— Ji » 
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(SUCCESSORS TO BECKER & SONS). 

MANITKALTLRKKS UK 

Balances and Weights of Precision, 

FOR 




Improved Short Beam Assay Balance. Patented in England and in the United States. 

Chemists, Assayers, Jewelers, Druggists, 

A nd in s^eneral for rrrry use where accuracv is required. 

No. 6 iVIURRAY STREET, NEW YORK. 

Every Balance and Set of Weights leaving this establishment is 
guaranteed to Ije accurately adjusted, as represented in our Price 
List. 

For some time past we have been aware that imitations of our 
Balances and Weights have been placed upon the market, repre- 
sented as being manufactured by us, and would caution our customers 
that only the goods made by us bear our firm name. 

i^'Our Illustrated Price List mailed on application. 
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" RACKAROCK." 

TBB OMLT SAFB 

HIOH EXPLOSIVE. 

It oonUins no Olyoerine or Gun OotUm. 

Cheapest, Best and Strongest. 

CompoMd of two iogradients ehipiiecl and kept aepuste until required for 

oee at tlie worlc 

240,000 lbs. used in Flood Eock, Hell Gate, N.7. 

No AccidentK by its use !n mnj INinoel. 

No Noxious Gases, No Headache, No Nausea, 
Fuies Caps and Cleotrio Batteries. 



RENDROCK POWDER CO., 23 Park Plaoe, New York. 




MANUPACTURBR8 OP 



MINING MACHINERY 

ROCK DRILLS, AIR COMPRESSORS 

—FOE- 
RUNNING PUMPS, ROCK DRILLS, COAL 

CUTTING MACHINES, ETC. 

No. 23 Park Place, New York. 
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Eimer& Amend, 



Impmrtmwm mmA MaaaliMiaren off 



Chemicals, 
Chemical and Physical Apparatus, 

Assay Goods. 

30V» SOU and 311 Tliird Avenne* 
NEW YORK. 



SOLK AOKNTS FOR 
Cmrl Z«1m' Mlero»oo|»«B, Objectives, etc. 
r LJJ MhMMt 4t BMaMhli Optical ttooda, Pol«riM«p«ii. eie. 
\^mr jp. 4t 91. I^ateik««'lili«er««*''« BaeterloMOpleal Apparataa. 

f fllMin«r4: Fr«ldrlch'« Clerman Cllaaawar*. 

Carl H«blel«lier A HeUuetV* Chcmleallr Para Filtar Fapavs. 

0. Tronmadorir'a »trl«(ly V. P. Cbemleala. 

VlaliaHHi'a Patent Wn^nKiit Sflekelware. 
49. Kern 4: N«iiit> Uerman BalMMa and Walffhta. 
Profeasor Jolly 'm llnlBncea. 

A(;KNrS KOR 

nr. «. filriiebler'a Mlerooeople Ooada. 

P. i>e»inoatia. i.emnlre A Co.'a Chemically Pare Bttminerod 

Platlnnm. 

SPKCIALfXiKS.— A full list of Assay Goods, including Blowpipe Ap- 
paratus of most approved make. Absolutely pure Chemicals and Acids; Royal 

Beriin and Meissen Porcelain; Kavalier's nohcmian Glass ; Fine Analytical Bal- 
ances and Weights; Collections of Metah, Minerals, Rocks, Cr)'!>tais, Crystal 
Models, etc. 

SELDEN'S PATENT PACKINGS 



Are the BEST for 

Steam & Hydraulic 




ase on Engines 
and Pumps. 



Made either WIT H or WITHOU T a Rubber Oere. 

IN ORDERING PLEA SE SPECIF Y WHICH TOU DESIRE, 

HKPAUTMKNT OF PUBLIC WORKS Urooki.ys. N. Y.l. 
EsoINKKH's Okfu i:, liiiKiKWiKUi I.m.ink Hn(f«K, Fast N. w ^ urk, L. I., May 20, 1»86. ^ 
r)K\R Sib-— I Uki> krri-iU |ileiisiire in (■.■rtifvill^' t.» tlx' tiu'rit-H of Ih.- "SM.-ii I'at^-nt r.irkinK, 
for both Steam and Hyilruulic Hi* . J have it in uso sit this statloD on m in. and M >«• 
Plungers, also on «maU Viilv. >r, mn. Here and i bi wlu r. .during iaB(M)7aata«aiianaB«»wlUi 
It. bate nwnd it MMcior to the luaoj uiclduga I tmve tried. ^, . , „ . 

*^ Ynylniir, KDWARP FRY. Chief Engineer, 

Itidgewnod Eugiuo House and Line Sutions. 

MouUDii ApencT: WM. JACK, Butte aty. 
Chicago Ak< IX V : MARIMETSIfiOM W0BK8 

CO., .'1-' I.akf St, 

]{HA!VI>T, ^annfoetavMP, . 



Pacific C<.a.Hl A>r»>ncy: PARKE A LACY, Sau 

Kranci!«.'o and I'ortlmni. 
Colorado Asencj ; THE MENDRIE & m>LT 

HOFFlCnl. OO..I>«ftf«r. 
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FRASER & CHALMERS, 

■ 

Mining Machinery, 

Sectional machinery for Uule-back Transportation. 

IMPROVED STEAM PUMPS. 

BOlXiBBB-HOBIZONTAIi, V£BTICAI* AND S£OTIONAIi. 
IMPROVED OOBI.ZB8 AJTD 8I.IDB.TAXiVS 87BA1C INOmB. 
STAMP-MILliS FOB WET OR DBT CRUSHING. 
HUNTUrOTON OENTBIFUOAli QVABTZ MIIiX.S. 
AMAMAXATIHO FANS. 8BTTI1BB8 AlTD AOZTATOB8. 

BBUOKNUB'B and HOWBIiZi'B IXPBOVBD WHITB Y BOA8a*IHO 

TUBICAOBS. 

CORNISH CRUSHING AND FINISHING ROLLS. 

ZiOM'B AND BITTINOBB*8 8I1IMB ?F ABI1B8. 

HOISTING ENGINES. SAFETY CAGES, SAFETY HOOKS. 
PUMPING ENGINES AND CORNISH PUMPING MACHINERY. 

DUHDTSil f ater-Jailet Blast-Fnrnaces for Galena anil Copner Ores, etc etc 

GENERAL OFFICE AND WORKS, 
FVLTOV AlTD inriOlT STREETS, OHICAOO, ILL. 



Branch Offices: New York— R. 43. No. 2 Wall Street. Deiiver—l.^lfi Eighteenth SUWL 
Halt I jike City— 7 West Seooud South Street. ChihuAhua City» Mex.— 11 Callede Jraaita. 
London. Kiik — 28 BucUenlmry. Lima, Feni, South Amerlea. " 
▼aal, Sooth Aflrtea. 



JohanoeibiUK. Timiia> 



PROVED FRUE ORE OONOENTRATOR, 

With Improved Form of Belt. 




The best Ore Concentrutur in the market, having double the capacity and 
doing its work as doM M the plain belt machine. It is uned in a namber of 

mills, the most notable of wliich is thi- Alrtska M. & M. Co's Mill, where 2\ 
Improved Belt Machines are Uiking the pulp from 120 stamiw, crushing 35U tooH 
daily. 

THERE ARE OVER 220O PLAIN BELT MACHINES KOW IN 08E. 



EMBREY CONCENTRATOR. 

The endshake Belt Machine, resembling Vauncr, except in direction of shake. 
Fumphleta, testimonials and Ibiiner informadon on applkiatioa. 

Salt Lake City-? W. Second South Street. Denver-1316 Eighteenth Streak 

San Franoisoo— 182 Market Street. Ohihuahoa Qitjr, Mex^U Oalle de Juarea. 

Uma, Fem. 

Helena, Montr-Boom 98 Merohaata* National Bank Bnildlac, Bro.4 Vovtii 

Main Street. 

FRA8BR A CBALMBBS, X^alton and Union Streota, Chicago, BL 
Oen*l Agent. WAIMB MeDBBMOTT» Boom 48. 2 WaU Bt>Mt» Voir Toric 
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E. & H. T. ANTHONY & CO., 

691 BROADWAY, XEW YORK, 

MAIfUFACTURBRS ANU IMPORTRRS OP 

PHOTOGRAPHIC INSTRUMENTS 

AND SUPPLIES. 




Detective and View Cameras 

IN GREAT VARIETY. 
Sole Agents for the celebrated Dallmeyer Lens^X 
Amateur Outfits from $7.SO upwards. 

ANTHONY'S CLIMAX FILMS 

Reduce weight and space to a minimum. 14 doren films weigh less than one dozen glass plates. 

These films can be used equally well cither for time or instantaneous exposure, and can be pur- 
chased at any. Photo. Stock Hou&c in this country, and can be developed by any photographer, or 
by the party who uses them, the process being so simple. 

Send for Illustrated Catalogue. 



More than 4^ years established in this line of business. 



136 EastThlrteenth Street, 

(Between Tliirxl and Fourth Avenuc«) 
ITK"W YOUIC. 

All kinds of PLAIN and FANCY BINDING done at SHORT NOTICE ami at Moderate Prices. 



Henry g. Lounsbury, 
PRINTER, 

82 JOHN STREET, NEW YORK. 

FIRST-CLASS WORK. MODERATE PRICES. 

Quarterly Index, Vols. I to X, Now Ready. 
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WHITALL, TATUM & CO.. 

MANUFACTURERS OF 

DRUGGISTS* AND CHEMISTS' 

GLASSWARE. 

MANUFACTURERS AND JOBBERS OF 

DRUGGISTS' SUNDRIES. 



GLASSWARE FOR LABORATORY USE. 
SCALES AND WEIGHTS, 

WEDGWOOD AND PORCELAIN ARTICLES. ETC. 




jVo. 20 lieam Scale, 



IIILLVILLE CmiCAL JAU. 

A substitute for Woulff Bottles, Chemical Flasks, &c. 

WHITALL TATUM & CO.. 

NEW YOEZ, PHILADELPHIA, BOSTON, 

46 & 48 Barclay St. 410-416 Race St. 41 A 43 Broad St. 



CATALOGUES SENT ON APPLICATION, 



Digitized by Google 



THE DEANE PUMPS, 

For Every Service. 

MINING PUMPS 

m 0RB^T VABIETY. 




MANUFACTDKBO BY 

THEDE^ME^TEiifflpUMpCO 

Holyoke, Mass. 

New York| Boston, ChicagOi Philadelphia and St. Louis. 

Correspondence Solicited. 
asyniOB NBW ILLVSTBATBJ} CATAJLOQUB. 
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Is the name given to a new hluting powder formed by the union of two ingredient* — one a «olid and 
the other m fluid, both Sjtog aluolutcly INEXPLOSIVK uhtil (•mbimedhy the consumer. 

The engraving thowi one manner of com- 
bination. The comminuted solid is packed 
in porous cloth cartridges. A sieve, like that 
shown in the illustration, is hung on a spring 
balance. A given weight of cartridges, say 
IS IIm.. is put in the sieve. The blaster then 
takes hold of the spnng balance and lower* 
the sieve into the vessel holding the fluid ; 
then lifting >t quicklv out, he observes the in- 
creased weight on the spring balance, and if 
the increase is insuAcient, ne dips the sieve 
again. The cartridges are now laid aside (or 
a few moments, when they are ready for use. 

There are two ways of determining the 
proDortion of oil to be used: one by wigmint, 
as aoove described ; the other bv timing tkt 
rmtrsian cartridgtx in oil, ana one can be 
used lo verify the other. ^ 
FOR RAILROAD WORK, oil to the 
weight of V to >i cartridges may be 
added (3W to 5 lbs. oil to 15 lbs. cartridges.) 

FOR MINES, use only 1% lbs. oil to ifl 
lbs. cartridges (to reduce the smoke), or timm 
the immersion as follows : i^-in. cartnd(es, 
6 seconds; iV^-in. cartridges, 8 seconds; 
iK-in. cartridges, 10 seconds. 

The cartridges saturated as above, if cut 
open immediately after immersion, will pre- 
sent, in the centre of the cross section, an area 
about the sire of the end of a lead pencil which 
is not wM, but which will be wet if allowed 
to ftand for fifteen minutes. This proportioa 
of oil It better for mine work than a larger 
proportion. After combinatioo it is safer to 
handle than dvnamite. 

'Ilie cartriclge is exploded with Rand's 
electric fuse, or a common ta^ fuse with a 
detonating cap on the end o( it. When the 
hole is loaded, sand or clay can be used for 
tamping. This powder can be used in wet 
holes or under water. Tlu fluid doet nct/rtn^ The caruidges are usually made of the following 
diameters, vir.: i in., 1^ in., i V, in., 1^ in., 1 in., a.^ in.; other sixes made to order. In ordering, 
simply state the number of founds af ptnvder you want and the sire of the cartridges desired; we 
will forward liie proper proportions of materi»L Dipping apparatus furnished. Orders filled by 
express or freight. REMKNIRER, it n impossible to explode either the fluid or the solid matter 
when separate. Tliev are absolutely safe to uansport or store. All railroads take it in any form 
as ordinary merchandise. This combinatir^Q contains no nitro-glyctrin*, but approximates it in 
ttrtngth. It is ttronger tkum A'o. / DynamiU. This new departure in explosives is fully 
covered by P.itenis. 

REFERE.SCES.— Arnold ft Stephen*. Haverstraw Tunnel, N. Y.; C. C. Mowel. Little Falls, 
N. v.: Longdaie Iron Co.. Longdale, Va.; Hoover HUl Gold Mining Co., High Point. N, C: 
Bessemer Iron Ore Co., Boontoo, N. J.: Sherman & McDonough, Stony Point, N. Y.; A. V. 
Morns, Amsterdam. N.Y.: Dooley & Hickey, Kiof^ton. N.Y.; Canajoharii >/ater-works Co., and 
Arkell ft .Seiiihs Can.ijoharie, N. Y.; Saratoga & Mt. MrGregor R. K. Cc M»C Thomas. SupC, 
Saratoga, N. v.. Hlossburg Coal Co.; Arnoi ft Pinr ( rrrk k.K.,Arnot. Pa.; LrluRh Valley R.R.Co. 

i.^C.^R^N'^D.^rei^Sr^^^ I REMOROOK POWDER CO.. 

N. W. MORTON. Sec'y. J »S Park l*lac*, NEW TOBK. 




MANUFACTURERS OF ^ 

HUNK mwm: 

ROCK DRILLS, 
AIR COMPRESSORS 

— FOK— \ 

Running Punnps, Rock 
Drills, Coal Cutting 
Machines, etc. 

23 Park Place, New York. 
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Successors to 
The Atlantic Gfant and Judson Powder Cos. 




245 bHOADWAY, SAFE 



Uk.^ YORK. 



Drakesville, N, J. 



JLmutkcturers 

OF TQE 




ELIA6LE 



OUCiUL 



m EFFECTIVE 



ALSO DEALERS IN 




BLASTING CAPS, FUSE, 
ELECTRIC BATTERIES, ETC. 



^^J'^ WVOVL SALE IN ALL flECTIOKB OF THE OOUNTBT 

BY OUB AtPTHOBIZED AQENTB. 



JOSEPH CI LLOnIS 
STEEr*PENS. 

AND HIS OmER STYLES 

80LD v All. DEAJLCRS nnoiMWHri nultfOBUlb 
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JUST PUBLISHED: 

*12mo., Price, - - - $1.90. 

PRACTICAL MINING, 

A Udd HftBiul for Mining Engineen. Widi Hints to Imtston in 

Mining Propefties^ 



By J. G. MURPHY, B.M., SeM ^ jmmt. 

. — ■ ■ — — *• — * 

Z>. VAN NOSIRAND COMPANY, PubUshers, 

98 Munrmif mnd 27 Warren Ate*, JTaip Xorih 



WILLIAM R. JENKINS, 
Publisher, Bookseller, Sl^'t^iotter and Prinier, 

851 and 853 Sixth Avenue, Cor. 48th St., 

Would call the tttendon of Colmnbift College students to the focilittes 
of his establishment for suppljring them with Text>Books and Station- 
ery at the lowest prices ; to his printing office for all kinds of printing, 
and to his engraving department. 

BOOKBINDINO AND PICTUHB PRAIIINO SPBCIALTIBsl 

Libtaries Supplied Cheaper than any Book Store in the World. 



CHEAPEST BOOK STORE ^."i 

1,000,UOO £r£W ASTD OL.D BOOKS AX^MOST aiVSJN AWAY. 
OOUiBOB BOOKS A SFECIAIiTT. 

IMMBN6E OATAliOOUB FBXE. 

BIG FBIOBB PAXD FOB OI«D BOOX& 

81 CSAUBEBS STBEET, NEW 70RK. 

niBD noon wvr or cat sau. fau. 

NEUMANN BROTHERS, 



Oppoetto A. T. Stewart**. 

Near Broadway, NEW YORK, 



We do all the Binding fbr Hit Celumbla College Ubfiriss. 
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The E. S. 6REELEY & CO., 

ELECTRICAL HEASUREHENT 

APPARATUS. 




!> and 7 l>eif SU, - New York, 
TELEGRAPH, TELEPHONE ELECTRIC LIGHT. ELECTRIC 
BELL, BURGLAR ALARM, and ali kinds of ELECTRICAL 




Xtaittart 



Tke Sim^*ti Eltctric Burglar Alarm in Exitttnc*. 

If onnci an.! ff ot«l Annnaclstorf* in-l materia! necwiary for this cLiss of work. 

Electrical Toys and Experimental Apparatus, 'ri>ri>lcr Hi ltz Machines. Induction Coils, 
I .r .- r r Tubes, Ni '. r-., etc., etc. Incandesv. cat Lamps of in fi im nnr hilf r^hrtlo pnwwr^ 
upward. Pcmabic Klecuic Light Outfiu for Physicians' and Dentists' Use. 

IMieal Battwlcs. 

Scod fer description of our Lkclanchb Kahadic Medical BaUerr. It is non-poi*onous, uaet no 
adds, has no liac to be raised or lowerwd, is duraUe, IwodMaic. and chop, price, #8.50 cadi. 
Teiecr*pli8tad«Bt*B Oatftta. Acompteie ornfti to l«Mni Tmcmpliy, lawidiaf iMinictloiibook, 

Tlw MilewiBby and Practic* «f Morta Tel egrmphy . A new theorettcal. ud pnctical fulde 

for leanicn. Pnce by mail, pcntpaidr 75 cents per copy. 

Speaking Tubes and WhiCtlM, and all the appoiatmeaia in this line of trade. 
Ligbtoiac Rods. 

Blaelilc Blaatiog Apparatm and Faa«a« ate., etc.. ate 



GEMS AND PRECIOUS STONES 



A VMrk tMth tktmtd Jtmt « pi0£« m tvtry priwt* mtd pt^Hc Mrary. 

A jMimfor ^leteHftHMm cftbeir oeourrencefvkiu^f MMory, areft<»> 
oiow,an4oftheeoUeeHtmaimwh4ehtheysaoistf alm> a chap- 
ter an F^eatrU, This fnagnifieeiU work ia profusely iHua- 
$raied with Cotcred PUUee which htwe beenpro- 
noumeed maeterpieee^ofart. 



THE SCIENTIFIC PUBLISHING CO., Pabiisi»rt, 



of NOBTH AMEBICA. 



By QEOROE FREDERIC KUNZ. 



9mi Expert wHk TIFFAMY A CO. 



27 PARK PLACE. N£W YORK. 



Uigiiizeo by LiOOgle 




(SUCCESSORa TO BECEJEIR & SONS), 

MANUFACTURERS OF 

Balances and Weigbts of Precision, 

FOR 




Improved Short Beam Aatay Balance. Patented in England and in the United Statei. 

Chemists, Assayers, Jewelers, Druggists, 

And in f^eneral for every use where accuracy is retired. 

No. 6 MURRAY STREET, NEW YORK. 

Every Balance and Set of Weights leaving this establishment is 
guaranteed to be accurately adjusted, as represented in our Price 
List. 

For some time past we have been aware that imitations of our 
Balances and Weights have been placed upon the market, repre- 
sented as being manufactured by us, and would caution our customers 
that only the goods made by us bear our firm name. 

Wtf'Onx Illustrated Price List mailed on application. 
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in tt^ ttUg of l^eto liQxHu. 

Coi UMBlA CoLl ECE IN THF ClTY OF Nkw Vork at the present time con- i ts 
of the School of Arti>, the original college, founded iu 1 754 ; of sundry profc;>sionai 
scboob, to-wit t the School of Law, the School of Mines, and itl Medical Depart- 
ment by joint re>o!ution, the College of I'hysicians and Surgeons, admission to all 
of which, as candidates for professional degrees, ii, open to all students whether or 
not they are college-bred men ; and of the Univeniity Faculties of Law, Mines 
(Mathematics and Pure and Applied Science), Political Science, and Philosophy, 
which condyct all courses leading to the university degreei> of Master of Arts and 
Doctor of Philosophy. 

The point of contact between the college and the University is the senior year 
in the School of Arts, during which year students in the School of Arts pursue 
their studies, with the Consent of the Facul^ of Arts, under one or more of the 
Umvccsity Faculties. 

I. THE SCHOOL OF ARTS. 

The School of Arts, or the college proper, has a enrricnhnn of four years' dura- 
tion leading to the degree of Bachelor of Arts. Candidates for admission to the 
School of Arts must be at least fifteen years of a^e, and pass sm examination on 
prescfibed subjects, the partienbrs cimceming which may be found in ihc nmranl 
Circular of lafiDmalion. 

II. THE UNIVERSITY FACULTIES. 

The University Faculties of Law, Mines (Mathematics and Pure and Applied 
Science), Political Science, and Philosophy, taken tof^ther constitute the University. 

These university faculties offer advanced courses of study and investigation, rc'^pect- 
ively, in {iT} Private or Municipal Law, U) Mathematics and Pure and Auplied 
Science, i . ) History, Economics, and Publie Law, and {//) Philosophy, Philology 

and Letters. Courses uf study uiuk-r one or more of tlic-sc university f., ullicx are 

open to members of the senior class in the School of Arts and to all students who 
have successfully pursued an equivalent course of undecpraduate study to the close 
of the junior year. These lead through the bachelor's degree to Uie university 
degrees of Master of Art<« and Doctor of Philosophy. 

III. THE PROFESSIONAL SCHOOLS. 

The professional schools are the schools of I^w, Mines, and Medicine, to which 
all students, as well as those not having pursued a course of undergraduate study as 
those w ho have are admitted on terms prescribed by the faculty of each »chool aa 
candidates for professional degrees. 

1. The School of Law, established in 1858, offers a three years' course of study 
in common law and etjuity jurisprudence, medical jurisprudence, criminal and con- 
stitutional law, international law public and private, and comparative jurisprudence. 
The degree of Bachelor of I^ws is confein d on the satisfactory completion of the 
course. The courses in constitutional and international law and comparative juris- 
prudence are conducted by the Faculty of Political Science. 

2. The Schitol of Mines, established in 1864, offers the following courses of 
study, each of four years' duration, an<l each leading to an appropriate professional 
degree, namely, mining cngineeiing, civil engineering, metallurgy, geology and 
pabeontology, analytical and applied chemistry, architecture ; and the following as 
graduate courses, each of two years' duration and each leading to an appropriate 
degree, namely, sanitary engineering, and electrical cngin> c ring. 

3. The College of Physicians and Surgeons, by j<unt resolution of June 16, i860, 
the Medical Department of Columbia College* ofler^ a three years' course of study 
in the principles and practice of medicine and surgery, leading to the degree of 
Doctor of Medicine (M D.). 

S£TH LOW, LL.D., President. 
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APPLETONS' SCHOOL PHYSICS. 

An entirely new l)oi)k. By J«»hn D. Qiiackfnhf)s, A.M., M.T)., Columbia rulleec 
N. Y. Alfred M. Mayer, Ph.D., Sievcns ln.-^iiiuit . Hol.okcn, N.J. Kranci> E. 
Niphcr, A.M., Washington llnivcn>ity, St. Luuis. Sil.i-. W. llulmnn, .S.B., Mx>s. 
Institute of Technol-i^y, f'. i-lon. Fr.tnci>. B. <*r.H'ker, E.M.p School of Mines, Col- 
unibin College. Clulli, 12 1110., 544 pages. Just 'lut. 

This hook is ad.i|Meil in style and material to paptlsof 14 years and upward. It 
h.i'^ Incn iIk- aim itf the autliof- to icnch not resMlf^ nn-rcly, but to show liow these 
resuU-v aic .ui tved at and what praidcal use is iiuitli ol iheni. While prixcdcnce to 
the practical is the rule strictly adhered to throuyhuut the work, no effort has lieen 
spareil t > in-]<ire the lonrncr with erithusiaMn for t!i<.- ^lu ly of N'aliii.il Science. The 
rctiulis ol ihc niusl rcceiu icr,carch in the several <iepailnients ot Natural i'hilosfiphy 
are embraced and clearly set forth; instructive diagrams and carefttlly draw n illus- 
lration> in pcr^]>ective nrc i nt 1 1 i.!)irnl u hctcvor they can prove of n>^'-istnnc«.- \n v\n- 
cxlating the text ; niinutc directiou> .ut. given iur the cuuslruction «»t cheap j[>pa- 
rattts; su^eslive questions, calculated lo exercise the reasoning faculties of the pupil, 
arc inserted at proper intervals, and problems are ap|>ended |o erioh -cction to test the 
student's undcisiandinj; of the principles previously explained in the text. 

It is a singularly simple* practical, and at the same time itnthoriitUive tCXt^book on 
F'hy^ii^ and should be examined liy 1' nlio are looking for an accurale» comjire- 
hensive, judiciously con<lcnsed, ciUli t.imint; text book on this subject. 

" I have caRfiilly examiiici.! Applctoiis' Sclii><>l Physics aixl am very much pleased with it. As 
lo be expc-ctctl fruni Uic plan .Hl<i|>tcil, the various MCtionii h.ivc Itccn workiil up iii a very pcr- 
fccl w.iy. It »loc* not seem pos iW< 1 present iO the tcholar more clearly the print i|>le«. uf phyMRX 
or their jnaaical ap|>licaiion."— H. li. CoumVALl., Prvfmor^f Cktmittrfamd Min*r0l«gjt Princt' 
ton Colt^^ Frittetton^ N. J. 

Specimen copies mailed to any address on receipt of price, 

Correspondclirf rurdiallv invilfi]. 

AMERICAN BOOK COMPANY, 

aaa mntl fB»0 U nl^^tMh Awhmv, i UIVAiiO, 

Libraries Supplied Cheaper than any Book Store in the World. 



CHEAPEST BOOK STORE US 

1«000,000 li[£\V AND OLD HOOKS ALMOST GIVJUI" AWAY. 
C01iij±jaJii BOUitb A SF EUI ALT i'. 

IM1IBV8E CATALOGUE FREE. 

Bia PBICE8 PAID FOB OltD BOOX8. 

81 CHAMBERS SIBEET, HEW TOBE. 

TWM» sooft WIST or arr hah rAU. 



JOSEPH |;iLLOTt^ 
^ STEEL^PENS. 

me nwoiinE NUMBERS. 303,404, isMsitifo^ 

AND HIS OTH m STYLES 

SOLD BY ALL DEALERS iHiouwouf u&WORLD. 
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If you wMnt the be<^t chair in QQH DPnAnWAY N Y 
the wide, wide world go or send to UrlUMU ff Ml, H . I 

AND nUY A 

Marks Adjustable Chair. 




SEVEN ARTICLES OF FURNITURE IN ONE. ADJUSTABLE 
TO OVER FIFTY DIFFERENT POSITIONS. Awardcl p.id medal at 
I'an^ Exiio-^iiion, 1SS9. 

Illustrated catalojjues may be obtained by addressin;^ The Mark» Company, 930 
Broadway, New York. Manufacturers of all kin«K of Invali'l Chairs and Lil>rary 
Supplies. 

BOOKS ^ ^ MINING ENGINEERS 

RECENTLY PUBLISHED. 

Mining and Ore-Dressing Machinery, a comprehensive 

^^caIl^c <lcalinj; with ihc luwdi-in pr.icticc i>f wiiiniii^ both metalliferous and 
non-metallifcrous niiiieraK. Hy C. (1. Warnkmku I.tx K. Larjje volume. 
Fully illusirate'l. Price, 521 00. 
Practical Coid Mining. treali-^e on the orijjin ami occurrence of 
gold-l>earinj; gravels, rocks and ores, ami the methods by which the gold i.s 
extracte«I, Hy C. (i. Waknhiro I^jck. 788 pages, with 8 plates and numer- 
«>us engravings. Price, Si 5.00. 
Special descriptive catalogue of .Mining IJooks ^ent free oti .npplication. 

E. & F. N. SPON, Publishers, 

12 CORTLANDT STREET, - - NEW YORK. 



n n A l# A KnKlnecrs. Archittt ts. 
Ulllllf V Surveyors. Draftsmen, 
n 1 1 1 1 Im ■« Kailroad Cons^trurtion.and 
l# W V 11 W for Srientlfic and Technical 
Schools. For sale by KN(iINKKHIN(i NEWS 
PUB. CO.. TrJbune BuildinK. .V. Y. City. 
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Sunc»»"»«<or«> to 
Tin- Atlanfir Oi;int .uiil JiiiKoii Powder Cos. 

SMALL &S CflBAD£B,6 tt'lAieitii 

oFncBst 

245 BROADWAY, 

NEW YORK. 

WORKS t 

Drakesville, I^. J 



Maimluctiaers 



mum 



m EFFECTIVE 

ALSO DEALERS IN 

BLASTING CAPS, FUSE, 
ELECTRIC BATTERIES, ETC. 

FOR SALE IN ALL SECTIONS OF TH£ COUNTRT 



i::y 



SELDEN'S PATENT PACKINGS 



Arc the BEST for 
Steam & Hydraulic 




use on Engines 
and Pumps. 



Made either WITH or WITH OUT a Rubber Core, 

i.V UHDKlllSU PLEASE SPECIFY WHICH YOV DESIRE. 

DKPAUTMEKT OF PI HLlf W<iJiKS Hk-m.ki v S Y l, 
Kx. INKER S Offk k. RiixiEWm)D K.N»,ISK Hoi l.a^t >. w York. 1, 1.. Miiv 2" l'-^-'.. 
Dear Sik — I lake ^n-ai plcii'^irc in cerflfyiiiK to the in« rit-- ..i tin' ' .s,'M< ii l'at« iit Fni liUiit," 
for tiuili S(*-atu aud Hy<irauhc use. ' .ivc- n in n-.' iit tlii-. .^t.iU'iii on in. ami H in. I'liinji 
Pluuger», hI»u on ismafl Valve Siema. He j«- .»tid t-i:*ewht're. during l<;u U^>;y«-'ar:i i ifMrL nce trilh 
It, have found it «aperlor to tb« iuuit kiiik'-* I liare triM. 

Very iruljr, EDWAED FRY, Chl«ff Engineer. 

Kidgewood Engine Uouee and Une fltnuoMi 

Pacific ( naxi Ak'f ncy: P A KKE & LACY, San Montana Atc^ocj: WM JArK, BuUc CitT. 

and Portland. Cliira^o Aift'm'T : M ARlNETi: IRON WORKS 

Col«riido Atj. itrv . THK HENDRIE A BOLT- ro., Ji j L«k.- Si. 

- UOl^ MKo. ( O., I><;DT«r. RASiDOLPU BRAXDT, Blaaafoctur^r, 
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(COPYRIGHTED 1891 J 



A. J. COROORAN'S 

CTORM-DEFYING 
^ WINDMILL. 



NEW PATTERN — 
IMPROVED '• X •' GOVERNOR. 



Patented June and August, 1880 ; June 

and September, i88g, and 

April, i8gi, 

includinj; sonic of tlic must in)]H)rtant im- 
provenitfiils ever made in windmilK and 
rctainin<; nil that i:» valuable in the old 
make of mill. 

27 Years' Practical Experience. 

The only windmill made to standard 
gauge and parts of each null of the same 
si/e interchange. Ever)- mill warranted 
as to durability and efficiency. 

OFFICE AND SALESROOM, 

76 JOHN ST., NEW YORK CITY. 

Factory. Jersey City, N. J. 

THE BRANDIS MANUFACTURING CO., 

55 Fulton Street, New York, 

Make in the most approved manner all 

Instruments of Precision 

For City, Bridge, Mining and Topographical Engineering. 

Extract from ihe C. S, Goxfrununt Adver(isf>\ Septembtr S, 1SS7. 

To a general invitation issued by the U, S. Corps of Engineers, Willets Point, 
to instrument makers, to submit specimens, eleven different makers re>]>ondeil. 
A careful list, made by three exjierts detailed for the pur|>ose, resulted in the >elt c- 
tion of those made by Mr. F. K. HRANDIS, 55 Eulton Street, New York, on ac- 
count of their lightness, extreme accuracy and excellent workmanship. 
VATALoai Ks sKsr oy avplh atiow 
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Telephone 

2526 
Cortlandt 




WING S DISC FAX ANU ENGINK. 



1^ 



WING Jl UIM. FAN. 



L. J. WING CO. 



. Wing's Disc TtBs and High Spead Engines, Electric Motors, 
Fan Ventilators. Qas Engines, Dynamos. 

EtC< fS^J^^Thc^c Fans .inil EnjfinM have been 
.twarded the highest prcniiunis M v.irious Kxp'>ti* 
tiont after competitive examinations in this countr)' 
and Europe, .il*o in Aiwlrali.i. We desire particu- 
larly to call \Mtir attention to our syiiem of (•>ulated 

Electric Light- 
ing. The very 
bc»t in use. 




Send for 
lUuatrated 
Catalogue. 
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Kt<.AN <.AS FNf.INE. 



FAN ANt) Mi'iTOR. 



HAVE YOU EVER STOPPED TO THINE 



How much time anJ money is lost by not liavin; 
the best books on the special subjects you arc interested in ? 



I?y writing to the Scientific Publishing Co. you can learn which are the 

BEST BOOKS AND SOURCES OF INFORMATION. 



ELABORATE CATALOGUES of Scientific. Technical and Useful Books 
will be sent FREE on application. 

Special Discounts griven to Libraries, Educational Institutions 
and on Important Cash Orders. 

SCIENTIFIC PUBLISHING CO.. 

PnbliHhers and Booknetiern, 

Technical, Scientific and other Books, 

Magazines and Papers Supplied. 
27 PARK PLACE, NEW YORK. 
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STEPHENS' PATENT VISES 

Quick- Adjusting Cam and Toggle Joint. 

STATiO^iART 01 PATHT 81 ITIl 
BASES. 

Incomparable for StreBffth, 
Darability. Firm Hold 
and Qaiek Work. 

Hm improved Taper, Pipe and 
other attachment*. Made in 2, a^. 

4^^. si^ and 6^ inch width of 
jaw. "sold by the trad 



_ nch wit 
rade. Send tor 



Catalogue. 



TOWER & LYON, Mfrs., 

U CHAMBERS ST.. NEW YORK. 



JOHANN FABER'S 

FINEST SIBERIAN 





JOHANN FABER 



6B, 6B, 4B, 3B, 2B, B, IB, F, H, 2H, 3H, 4H, 5H, 6H. 
specially Adapted for Englneera and Draughtsmen. 



RICHARD BEST, Sole Agent for U. S., 



6L^ DUANE STREET. 



NEW TORE. 
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SCHOOL OF MINES 

QUARTERLY. 

A 

JOritlVAI. OF AHHLIKO SCIE?«CE. 

NOVEMBER, 1890. 



CONTENTS: 
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